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D s ription 
Technical Field 



[0001] The present invention relates to the processing 
of optical images, and more particularly relates toover- 
the-belt optical character recognition readers. Specifi- 
cally, the present invention relates to a method for locat- 
ing the position and orientation of text, such as the des- 
tination address, affixed to a parcel as it moves along a 
conveyor. . 

Background Art 



[0002] For years, machines have been used to scan 
parcels as they move along a conveyor. Over-the-belt 
optical character recognition (OCR) readers have been 
developed that can capture an image of the surface of 
a parcel as it moves along a conveyor, and then create 
and process a representation of the image. The funda- 
mental physical components of an OCR reader are a 
sensor, an analog-to-digital (A/D) converter, and a com- 
puter comprising a memory. The individual physical 
components of an OCR reader are all well known in the 
art, and many alternative embodiments of each of the 
individual physical components are commercially avail- 
able, with differing cost and performance characteris- 
tics. Much effort goes into finding the most efficient com- 
binations of components for particular applications and 
in the development of computer software programs that 
process the images created by these familiar physical 
components. 

[0003] Charge-coupled device (CCD) sensor arrays 
are often used in OCR readers. A CCD camera consists 
of an array of electronic "pixels," each of which stores 
an accumulated charge according to the amount of light 
that strikes the pixel. A CCD camera is used to quickly 
capture an image of the surface of a parcel as it moves 
along a conveyor. The image is then converted into dig- 
ital format which is then stored as a bit map in a com- 
puter memory. The CCD array is then reset by dissipat- 
ing the charge within the pixels, and the array is ready 
to capture the image of another parcel. In this manner, 

cete" 9 ' 8 C3mera ' S USed t0 S ° an 9 9reat many par ' 
[0004] CCD cameras vary in resolution and sensitivi- 
ty. Generally, color cameras are more expensive than 
monochrome cameras; higher resolution cameras are 
more expensive than lower resolution cameras. There 
is therefore a financial motivation to use low resolution 
monochrome CCD cameras whenever such are suitable 
for a particular purpose. 

[0005] Similarly, computers vary in computation 
speed and other parameters. Generally, faster comput- 
ers are more expensive than slower computers; special 
purpose computers are more expensive than general 
purpose computers. There is therefore a financial moti- 
vation to use low speed, general purpose computers 



whenever such are suitable for a particular purpose 
[0006] Parcel delivery companies, such as United 
Parcel Service (UPS), could make extensive use of 

OCRreadersystems.UPSshipsmillionsofparcelseve- 
s ry day. The OCR readers used by parcel delivery com- 
panies such as UPS generate an enormous amount of 
computer data. As a result, there is a need for computer 
systems that can quickly and accurately process the im- 
ages created by CCD cameras. For example, computer 
systems have been developed that can read the desti- 
nation address written on certain parcels, and cause the 
parcels to be correctly routed to their destinations 
Reading text is a sophisticated task, and the systems 
capable of doing so are commensurately sophisticated 
comprising expensive equipment such as high resolu- 
tion CCD cameras and high speed computers 
[0007] Before the text affixed to a parcel can be read 
rt is necessary for the location and orientation of the text 
to be determined. A fiduciary mark may be used to by 
an OCR reader system to ascertain the location and ori- 
entation of an object or text affixed to an object. A fidu- 
ciary mark is an indicia of known optical signature which 
is placed on an object to be scanned with an OCR read- 
er. An OCR reader system scans a parcel bearing a fi- 
duciary mark and locates the fiduciary mark. In this man- 
ner, a fiduciary mark which is placed in a known relation 
to the destination address block of a parcel can be used 
by the OCR system to locate the position of the desti- 
nation address block. Similarly, an orientation specific 
30 fiduaary mark whose orientation is placed in a known 
relation to the orientation of the text within a destination 
address block can be used by an OCR system to ascer- 
tain the orientation of the text. 

[0008] To the extent that certain tasks required of an 
OCR reader system that are less sophisticated than 
reading text can be performed by other less expensive 
equipment than that used to read text, the more expen- 
sive equipment required to read text can be more effi- 
cently dedicated to the more sophisticated task of read- 
ing text. Ascertaining the position and location of a fidu- 
ciary mark is an example of a function required of an 
OCR reader system that can be performed with less so- 
phisticated equipment than that which is required to 
read text. There is therefore a financial motivation to as- 
certain the location and orientation of fiduciary marks 
using systems comprising low cost CCD cameras and 
general purpose computers. 

[0009] There are a number of well known image 
processing techniques that are used to process images 
stored in a computer memory. For two dimensional im- 
ages, a two-dimensional bit map matrix stored in com- 
puter memory represents the pixels of a CCD array. An 
orthogonal coordinate system corresponds to the ma- 
trix. Thus, the bit map uniquely identifies the position of 
ss each pixel of the CCD array. Three-dimensional or high- 
er-dimensional bit maps similarly represent three-di- 
mensional or higher-dimensional images in a computer 
memory. Polar or other coordinate systems similarly de- 
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fine positions within the matrix. 

Standard image processing techniques will be familiar 
to those skilled in the art including: using projection his- 
tograms, convolution filtering, correlation, computation 
of the center of mass of image areas, and edge image 
analysis including the Hough Method. 
[0010] A fiduciary mark may comprise any shape or 
combination of shapes. Certain configurations are in- 
herently more efficient to search for than others. For ex- 
ample, a circular configuration is efficient to search for 
because of its rotation-invariant nature. Thus, a circle 
does not require consideration in a multiplicity of angular . 
orientations. 

[0011] A number of U.S. patents teach circular fiduci- 
ary marks. For .example, Miette, U.S. Patent No. 
5, 1 03,489, describes a label, method and device for lo- 
cating addresses on articles to be sorted. The system 
uses a preprinted label including an. address locating 
mark comprising a rotation invariant component and an 
irregular component (i.e., an orientation-specific mark 
inside a circle). The processing technique first locates 
the circular image and then ascertains the rotational as- 
pect of the irregular component. The software program 
ascertains the rotational aspect of the irregular image 
by comparing the image of the irregular component with 
. a limited number of predetermined reference signals de- 
fining various discrete orientations (i.e., correlation). 
[001 2] The system. described in Miette suffers from a 
number of disadvantages. For example, the use of a ro- 
tation-specific component makes the fiduciary mark less 
efficient to search for, than a mark comprising onty cir- 
cular images might be. Moreover, it relies on an opaque 
fiduciary mark that cannot occupy the same area as the 
text comprising the address without partly obscuring the 
text. Therefore, the fiduciary mark must be located in a 
known relation to the address block on every parcel to 
be scanned outside the area to be marked with text. As 
a result, such systems generally require preprinted la- 
bels or parcels comprising the fiduciary mark and spec- 
ifying a markable area for placing text. Thus, there re- 
mains after Miette a need for a more efficient, more ver- 
satile fiduciary mark system. 

[0013] A number of U.S. patents teach the use of a 
combination of circular images of different sizes to de- 
fine orientation. For example, Keane, etaL, U.S. Patent 
No. 4,760,247, describes an optical card reader utilizing 
area image processing. The system reads lottery tickets 
with markable areas and ascertains the location and ori- 
entation of the markable area of a ticket by first locating 
and identifying three circular images printed on the tick- 
et. Similarly, Acker, U.S. Patent No. 3,8012,775, de- 
scribes a method and apparatus for identifying objects. 
The system described is a bar code reader including a 
scan controller, video processor, and data processor. An 
object displaying a bar code includes two circular irnag- _ 
es, one located on each end of the barcode. The circular 
image on one end comprises a different pattern of con- 
centric circles than the image on the other end, so as to 



identify the orientation of the bar code. 
[0014] The systems described in Keane, et ai and 
Acker suffer from some of the same disadvantages as 
the system described in Miette. Namely, they rely on 
5 opaque preprinted fiduciary marks. There still remains 
after Keane, et ai and Acker the need for a . more ver- 
satile fiduciary marking system. In particular, the parcel 
delivery industry has a need for a fiduciary mark system 
that can be applied to a parcel after the address has 

10 been affixed to the parcel. In this manner, the system 
will not rely on preprinted labels or parcels. 
[0015] Fluorescent markings provide a means for 
reading indicia with a CCD camera wherein the indicia 
may occupy the same area as opaque text. When ex- 

15 posed to ultraviolet light, the fluorescent markings are 
readable by a CCD camera, while the text is relatively 
invisible. Conversely, when exposed to white light, the 
opaque text is readable by a CCD camera, while the flu- 
orescent markings are relatively invisible. In this man- 

20 ner, both types of markings, opaque text and.fluorescent 
indicia, can occupy the same area on a substrate. 
[0016] Several references describe the use of fluores- 
cent markings to highlight text bearing areas of objects 
to be read by CCD cameras. Buchar et ai, Canadian 

25 Patent Application No. 2,047,821, describes an elec- 
tronic filing system recognizing highlighted text within a 
document to be scanned to establish classification and 
retrieval information. A human operator examines a 
document to be registered into the system, and manu- 

30 ally highlights with a fluorescent marking pen a portion 
of text which will be used by the system to identify the 
document. A raster scanning unit including a CCD array 
identifies the highlighted area when the document is 
scanned and records the text within the highlighted area 

35 for use by the retrieval system. 

[0017] Ng, et ai, U.S. Patent No. 5,138,465, de- 
scribes a method and apparatus for highlighting nested 
information areas for selective editing. Two fluorescent 
markings of different reflectivity are used in combination 

40 to define a combination of areas of interest (e.g., the 
area inside both markings, the area inside the area de- 
fined by one marking and outside the area defined by 
the other marking, etc.). The systems may use docu- 
ments with pre-printed markings, or the markings may 

45 be applied with fluorescent marking pens after the text 
to be scanned has been affixed. 
[0018] The systems described by Buchar et ai and 
Ng t et ai. suffer from an important limitation. Namely, 
documents using these systems must be oriented prop- 

50 erly when fed into a document scanner for the text to be 
read properly. While these systems teach the use of flu- 
orescent markings to identify the location of text, they 
do not teach the use of fluorescent markings to specify 
the orientation of the text. Therefore, these systems 

55 would not be useful for reading text on the surface of a 
parcel as it moves along on a conveyor. 
[0019] Kelly-Mahaffey et a/., U.S. Patent No. 
5,086,478, describes the use of fiducial marks to posi- 
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tion electronic components on circuit boards. The fidu- 
cial mark detection algorithm includes a series of detec- 
tion steps that may be interrupted if an error is encoun- 
tered. Arimum, U.S. Patent No. 3,603,728, describes 
optical detection of orientation -defining marks on ob- 
jects such as transistors. IBM technical disclosure bul- 
letin Vol. 30, No. 11 entitled "System For Determining 
Form Alignment" describes a document handwriting 
recognition system that uses fiducial marks on the back 
side of a form. The fiducial marks may be associated 
with pre-assigned handwriting areas on the front of the 
form. A user places the form 6n a tablet with the fiducial 
marks facing toward the tablet and writes in the pre-as- 
signed areas. A scanner in the tab let detects the position 
and orientation of the fiducial marks and a pressure sen- 
sor records the handwriting. The fiducial marks de- 
scribed by Ke/fy-Mahaffey, Arimura, and the IBM disclo- 
sure document are not used in connection with parcels 
moving on a conveyor. 

[0020] Thus, there is a great need for a flexible, easy 
to use, highly accuracy, inexpensive fiduciary mark sys- 
tem that can be used in conjunction with over-the-belt 
or other OCR readers. In particular, there is a great need 
for a fiduciary mark system that can process a sufficient- 
ly large number of images quickly enough to be used as 
an integral part of the automatic parcel handling sys- 
tems used in the parcel delivery industry. To be advan- 
tageous, such a system should comprise a number of 
important advantages including: (1 ) the use of low cost 
components such as a low resolution monochrome 
CCD camera and a general purpose computer; (2) the 
ability to ascertain the location and orientation of the ad- 
dress block without relying on a standardized or pre- 
printed label or container; (3) the ability to read fiduciary 
marks affixed to the parcel either before or after the ad- 
dress has been written on or attached to the parcel with- 
out obscuring the address; (4) the ability to identify poor- 
ly formed or damaged fiduciary marks; (5) the ability to 
reliably reject false marks; and, (6) the ability to accom- 
plish the identification in a highly accurate yet computa- 
tionally efficient manner. 



Summary of the Invention 

[0021] The present invention meets the above objec- 
tives by providing a system and method for ascertaining 
the location and orientation of a substrate through the 
use of a fiduciary mark affixed to the substrate. The fi- 
duciary mark defines the position and orientation of the 
substrate. 

[0022] Additionally, the present invention meets the 
above objectives by providing a system and method for 
ascertaining the location and orientation of readable in- 
dicia affixed to a substrate, such as text in the address 
block on a parcel, through the use of a fiduciary mark 
affixed to the same substrate in the same location as 
the readable indicia. The fiduciary mark defines the po- 
sition and orientation of readable indicia affixed to the 



substrate. The fiduciary mark is non-obstructive of the 
readable indicia, and may be affixed to the substrate at 
any time prior to scanning, either before or after the 
readable indicia has been affixed to the substrate The 
5 fiduciary mark and the readable indicia are separately 
readable when both are affixed in the same location on 
the same substrate. 

[0023] The fiduciary mark comprises two non-con- 
centric circles of different optical signature such that 
10 each circle is separately identifiable. Thus, avectorfrom 
the center of one circle to the center of the other circle 
defines both the position and the orientation of the fidu- 
ciary mark. The combination of circular components 
comprising the fiduciary mark allows several image 
is processing techniques to each be employed in a com- 
putationally efficient manner, and combined in a se- 
quence that/produces a highly accurate identification 
Poorly formed or degraded marks are reliably identified 
and false marks are reliably rejected. 
& [0024] The preferred embodiment is specifically de- 
veloped for use as an integral part of an over-the-belt 
OCR reader system for scanning parcels. The fiduciary 
mark system uses low cost components including a low 
resolution, monochrome line-scan type CCD camera a 
25 standard video controller, a standard one-bit A/D con- 
verter, and a general purpose computer including a first- 
m-first-out (FIFO) buffer. The fiduciary mark system 
scans a parcel as it moves along an adjacent conveyor, 
and determines the position and location of the address 
30 affixed to the parcel by ascertaining the position and ori- 
entation of a fluorescent-ink fiduciary mark located in 
the destination address block (DAB) of the parcel The 
fiduciary mark is located roughly in the center of the 
DAB, and comprises two non-overlapping circles of dif- 
3s ferent diameter such that a vector from the center of the 
larger circle to the center of the smaller circle is oriented 
m the same direction as the underlying text. 
[0025] The fiduciary mark may be applied to the par- 
cel any time prior to scanning, either before or after text 
40 is. placed in the DAB. For example, the fiduciary mark 
may be manually applied to the parcel with an ink stamp 
when the parcel is entered into a parcel handling sys- 
tem. Alternatively, the fiduciary mark may be affixed to 
preprinted labels or containers. Similarly, a fiduciary 
mark may be incorporated into a transparent envelope 
which, is affixed to a parcel, and into which an address 
label is placed. 

[0026] A computer system is used to process an im- 
age of a fiduciary mark to determine the position and 

so orientation of the mark. The computer system identifies 
fiduciary marks with a high degree of accuracy, even 
when the mark is poorly formed or partially degraded 
Additionally, the system reliably rejects false marks. The 
computer system is computationally efficient so that it 

55 may be performed quickly on a relatively inexpensive 
general-purpose computer. To obtain these character- 
istics, the computer system employs a series of image 
processing techniques of increasing computational ex- 
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pense separated by measurements that assess the 
quality of the mark. W ll-formed marks are identified 
and eliminated from further processing early in the. proc- 
ess, while poorly formed or partially degraded marks are 
subjected to more rigorous and computationally expen- 
sive t chniques. The ability to apply the selected suc- 
cession of image processing techniques to produce a 
highly accurate yet computationally efficient identifica- 
tion system results, in part, from the combination of cir- 
cular components comprising the fiduciary mark. 
[0027] The fiduciary mark preferably consists of two 
non-overlapping circles of different diameter oriented so 
that a vector from the center of the larger circle to the 
center of the smaller circle is oriented in the direction of 
the underlying text. The computer system preferably 
processes the image through a sequence of discrete 
steps including: (1 ) Area of Interest (AOI) detection; (2) 
s large circle detection; (3) small circle detection; and, (4) 
detection confidence thresholding. Circles were select- 
ed as the mark components because they can be iden- 
tified in an efficient manner due to the rotation-invariant 
nature of a circular image. Circles of sufficiently different 
size were selected to. allow the software program to 
identify the large circle without obtaining false identifi- 
cations from the small circle image. Two circles were 
employed to provide an orientation vector from their 
combination Each circle is identified individually, and the 
orientation of the DAB is determined from the resulting 
center-to-center orientation vector. 
[0028] AOI detection is performed to determine the 
approximate location of the DAB on the parcel, and to 
crop the image of the surface of the parcel down to a 
smaller AOI that will be searched for the fiduciary mark. 
Limiting the area that will be searched for the fiduciary 
mark improves the computational efficiency of the 
search. AOI detection is accomplished through a pro- 
jection histogram and filter processing technique. Verti- 
cal and horizontal projection histograms of the image of 
the surface of a parcel are computed and filtered via 
convolution with a triangular kernel whose width is the 
maximum dimension of the fiduciary mark (i.e., the sum 
of the diameters of the two circles plus the distance be- 
tween them). An approximately square AOI is defined 
about the intersection of the filters projection histogram 
maxima. 

[0029] Large circle detection is accomplished through 
a series of image processing techniques of increasing 
computational expense. If the large circle is identified 
within threshold limits after any of the steps in the se- 
quence, the system moves on to small circle detection. 
Thus, the great majority of large circles which are well- 
formed are identified by the computationally inexpen- 
sive early detection attempts, and the more computa- 
tionally expensive later steps are required for only a 
small percentage of large circles that are poorly formed 
or partially degraded. 

[0030] The first detection attempt computes projec- 
tion histograms of the pixel values within the AOI, and 



filters the projection histograms for this purpose via con- 
volution with a triangular kernel whose width is equal to 
the diameter of a nominal large circle. A circular area 
slightly larger than a nominal large circle is defined 
s about the intersection of the filtered projection histogram 
maxima. First moments of inertia are then used to de- 
termine the center of mass in the area. The mass within 
the a circular region slightly larger than a nominal large 
circle about the center of mass is then computed and 
10 compared with a set of threshold values. The large circle 
is deemed to have been successfully located if the mass 
is within the bounds defined by the threshold values. 
[0031] If the first attempt fails, a second detection at- 
tempt is undertaken which uses a two-dimensional cor- 
15 relation within the AOI, between the image in the AOI 
and a template corresponding to a nominal large circle 
image. The circular image is the most efficient shape to 
locate via correlation because it is rotation-invariant. To 
improve the efficiency of the correlation, a two-stage 
process is employed. The first stage is a coarse series 
of correlations conducted about a small subset of the 
pixels in the image. The second stage is a fine series of 
correlations conducted about each pixel in a pre-defined 
region about the pixel with the highest first stage series 
of correlations. A correlation measure, such as percent 
correlation, is then computed and compared to a thresh- 
old value. The large circle is deemed to have been suc- 
cessfully located if the mass is greater than the thresh- 
old values. 

[0032] If the second attempt fails, the third detection 
attempt identifies the two images in the AOI with the 
largest mass within a circular area approximating the 
size of a nominal large circle, and computes the radial 
variance of each candidate. The candidate with the larg- 
er radial variance is deemed to be the preferred candi- 
date. A variance measure, such as percent correlation, 
is then computed for the preferred candidate and com- 
pared to a threshold value. The large circle is deemed 
to have been successfully located if the variance meas- 
ure is greater than the threshold value. Once again, cir- 
cular images are the most efficient shapes to locate us- 
ing radial variance as a comparison technique. This 
technique may allow the software program to distinguish 
between a severely degraded large circle image, and 
the small circle image. 

[0033] Finally, if the third attempt fails, a fourth detec- 
tion attempt is employed to analyze the edges of image 
within the AOI. First, run length encoding is used to iden- 
tify distinct sets of connected pixels within rows or col- 
umns comprising the image. The end points of the runs 
define the pixels comprising the edges of the image. The 
well known Hough Method is then used to compare the 
edges of the images in the AOI to the edge configuration 
of a nominal large circle template. An edge correspond- 
ence measure is then computed for the candidate large 
circle and compared to a threshold value. The large cir- 
cle is deemed to have been successfully located if the 
edge correspondence measure is greater than the 
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threshold value. Once again, a circular image is the 
most efficient shape to locate because the edge image 
of a circle is rotation -invariant. 

[0034] Once the large circle has been located, the 
computer system attempts to locate the small circle, us- 
ing a process nearly identical to the large circle^identifi- 
cation process described above, with four significant dif- 
ferences,. First, all of the pixel values identified as the 
large circle are set to zero. Second, the AOI is limited to 
an annular region about the large circle location. Third, 
the filter kernel used is triangular with maximum dimen- 
sion equal to the diameter of a nominal small circle. 
Fourth, there are only three detection attempts because 
there is no equivalent to the third detection attempt em- 
ployed for the large circle. In addition, the search pa- 
rameters such as correlation and edge templates and 
the various threshold values correspond to a nominal 
small circle. 

[0035] Small circle detection is followed by detection 
confidence thresholding, which employs three distinct 
confidence measures to determine whether the image 
identified is in fact a fiduciary mark. One confidence 
measure is based on the distance between the centers 
of the two circles identified by the system , and the dis- 
tance between the centers of the two circles in a nominal 
fiduciary mark: The other two confidence measures are 
equal to normalized correlation values obtained from the 
large and small circle detection routines. A final confi- 
dence measure may be derived from the three confi- 
dence measures computed. For example, a conserva- 
tive final confidence measure is equal to the minimum 
of the three individual confidence measures. 
[0036] According to another aspect of the invention, 
a novel article is provided comprising readable indicia 
on a substrate, and a fiduciary mark non-obstructive of 
the readable indicia, positioned in the same location as 
the readable indicia to indicate the orientation of the in- 
dicia. The readable indicia and fiduciary mark are sep- 
arately identifiable by scanning equipment. 
[0037] According to a further aspect of the invention, 
a system is provided for scanning a moving object to 
determine orientation information pertaining to the ob- 
ject. The system comprises a reader, a conveying sys- 
tem for moving the object adjacent to the reader, a fidu- 
ciary mark on the object comprising a pair of circles of 
differing size aligned to define the orientation informa- 
tion, and a computer configured to process an image of 
the object to identify the fiduciary mark. 



orientation of a nominal fiduciary mark. 
[0042] Fig. 5 shows poorly formed fiduciary marks. 
[0043] Fig. 6 is the top level flow chart of the software 
program used to process fiduciary marks. 
5 [0044] Fig. 7 is a flow chart of the area of interest (AOI) 
detection routine, which is a part of the software pro- 
gram used to process fiduciary marks. 
[0045] Fig. 8 illustrates certain steps comprising the 
AOI detection routine. 
10 [0046] Fig. 9 is a flow chart of the first detection at- 
tempt subroutine, which is a part of the large circle de- 
tection routine, which, in turn, is a part of the software 
program used to process fiduciary marks. 
[0047] Fig. 1 0 illustrates certain steps comprising the 
15 first detection attempt subroutine. 

[0048] Fig. 1 1 is a flow chart of the second detection 
attempt subroutine, which is a part of the large circle 
detection routine, which, in turn, is a part of the software 
program used to process fiduciary marks. 
20 [0049] Fig. 1 2 is a flow chart of the third detection at- 
tempt subroutine, which is a part of the large circle de- 
tection routine, which, in turn, is a part of the software 
program used to process fiduciary marks. 
[0050] Fig. 13 illustrates the type of poorly formed fi- 
25 duciary mark that the third detection attempt subroutine 
may successfully identify. 

[0051] Fig. 14 is a flow chart of the fourth detection 
attempt subroutine, which is a part of the large circle 
detection routine, which, in turn, is a part of the software 
^0 program used to process fiduciary marks. 

[0052] Fig. 1 5 illustrates the type of poorly formed fi- 
duciary mark that the fourth detection attempt subrou- 
tine may successfully identify. 

[0053] Fig. 1 6 illustrates certain steps comprising the 
35 fourth detection attempt subroutine. 

[0054] Fig. 1 7 illustrates certain steps comprising the 
fourth detection attempt subroutine. 
[0055] Fig. 1 B illustrates certain steps comprising the 
small circle detection routine. 

40 

Detailed Description 



Brief Description of the Drawings 

[0038] Fig. 1 is a block diagram of a fiduciary mark 
system. 

[0039] Fig. 2 shows a fiduciary mark located within the 

destination address block of a parcel. 

[0040] Fig. 3 shows a nominal fiduciary mark and its 

dimensions. 

[0041] Fig. 4 shows the definition of the position and 



[0056] Referring now in more detail to the drawings, 
in which like numerals refer to like elements throughout 
45 the several drawings, Fig. I shows a fiduciary mark sys- 
tem 10 usable as part of an over-the-belt optical char- 
acter recognition reader system comprising conveyer 
20 on which parcel 30 is being carried. Parcel 30 bears 
address destination block 40, in which text indicating the 
50 destination address is written (not shown in Fig. 1 , but 
shown in Fig. 2). Affixed within destination address 
block 40 is fiduciary mark 50. UV light source 52 in con- 
junction with reflector 54 illuminates fiduciary mark 50 
as parcel 30 is conveyed through the viewing area of 
55 CCD camera 60, which captu res an image of the surface 
of parcel 30 including fiduciary mark 50. 
[0057] Controller/converter 70 includes a standard 
video controller that controls the scan rate of CCD cam- 
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era 60. Belt encoder 90 provides a signal indicating the 
speed of conveyor 20 to control ler/conv iter 70. Belt en- 
coder 90 also provides a signal indicating the speed of 
conveyor. 20 to second system comprising a second 
CCD camera 95, which is thereby'' synchronized with 
CCD camera 60. In this manner, the system comprising 
camera 95 may be a used to read text within a prede- 
termined area comprising fiduciary mark 50, the mark 
having been previously located by fiduciary mark sys- 
tem 10. 

[0058] ' Controller/converter 70 also includes a stand- 
ard one-bit A/D converter. CCD camera 60 transmits an 
analog image to controller/converter 70 ; which converts 
the analog signal into a digital representation of the im- 
age, which is then transmitted to computer 80, where it 
is stored as a bit map. 

[0059] Computer 80 contains software program 1 00. 
Software program 100 processes the image of the sur- 
face of parcel 30 by identifying and ascertaining the lo- 
cation and orientation of fiduciary mark 50, and thus de- 
termining the orientation and position of the text within 
the destination address block on parcel 30. Computer 
80 comprises a standard microprocessor such as Heu- 
rikon HKV4d 68040 CPU board, and a FIFO buffer con- 
trolled by a signal produced by. controller/converter 70. 
The FIFO buffer and CPU are in communication through 
a VME bus housed within computer 80. Those skilled in 
the art will appreciate that a converter/controller. com- 
prising an A/D converter and a video, processor control- 
ling both a line scan-CCD camera and a FIFO buffer, 
can be used to produce a two-dimensional computer im- . 
age of an object moving past the camera along a con- 
veyor belt when provided with a signal from a belt en- 
coder indicating the speed of the conveyor belt. See, for 
example, Shah etaL, U.S. Patent No. 5,291,564, which 
is hereby incorporated by reference. 
[0060] In the preferred embodiment, fiduciary mark 50 
comprises two fluorescent ink non-overlapping circles 
of different diameter. As used herein, a circle means ei- 
ther an annulus or the area bounded by an anhulus. The 
ink is of a type that fluoresces in the green/yellow part 
of the spectrum when exposed to ultraviolet light. The 
surface of parcel 30 is illuminated by ultraviolet light as 
it moves through the readable range of CCD camera 60. . 
CCD camera 60 is a low resolution, monochrome, 256 
pixel line-scan type camera such as a Thompson 
TH7806A, TH7931 D. Camera 60 is mounted to have an 
optical path of 52 inches to conveyor 20, with a 16 inch 
field of view at the conveyor. CCD camera 60 is fitted 
with a lens assembly including a filter sensitive to green/ 
yellow light. 

[0061] Those skilled in the art will appreciate that 
many different combinations of hardware will be suitable 
for practicing the present invention. Many commercially 
available substitutes, each having somewhat different 
cost and performance characteristics, exist for each of 
the physical components listed above. For example, 
computer 80 could be hard-wired logic, reconfigurable 



hardware, an application specific integrated circuit 
. (ASIC), or som other equivalent m ans for implement- 
ing a set of instructions. 

[0062] Conveyer 20 carries approximately 3,600 par- 
5 eels per hour, and moves at a rate of 80 feet per minute. 
CCD camera 60 is positioned approximately 20 inches 
above the center of conveyer 20 and is pointed towards 
a first mirror (not shown), which is pointed towards a 
second mirror (not shown), which is pointed at conveyor 

10 20, such that the optical path from CCD camera 60 to 
conveyor 20 is 52 inches. These parameters may be 
varied somewhat without unduly affecting the perform- 
ance of the present invention. Those skilled in the art 
will appreciate that mirror systems can be used to in- 

15 crease the optical path length of a camera system while 
accommodating a smaller physical distance between 
the camera and the object to be imaged. See, for exam- 
ple, Smith et ai, U.S. Patent No. 5,308,960, which is 
hereby incorporated by reference. 

20 [0063] Fiduciary mark 50 comprises fluorescent ink 
such as sold commercially as National Ink No. 35-48-J 
(Fluorescent Yellow). Fiduciary mark 50 can be applied 
to the parcel any time prior to scanning. In particular, it 
is anticipated that a human operator may apply fiduciary 

25 mark 50 with a rubber ink stamp at the time the parcel 
is received from the customer and placed into the parcel 
handling system. 

[0064] Fig. 2 shows fiduciary mark 50 as located with- 
in destination address block 40 on the surface of parcel 

30 30 more clearly. Parcel 30 includes within destination 
address block 40 text 59 indicating the destination ad- 
dress of parcel 30. Fiduciary mark 50 is located approx- 
imately in the center of destination address block 40 and 
comprises two non-overlapping circular images of dif- 

35 ferent size oriented such that a vector from the larger 
component toward the smaller component is oriented 
approximately in the same direction as underlying text 
59. It will be clear to one skilled in the art that alternative 
embodiments might include locating the fiduciary mark 

40 elsewhere on the parcel in a known relation to text bear- 
ing area 40, or in a different known relationship to the 
underlying text. Similarly, fiduciary mark 50 might be 
carried on a label, preprinted upon the parcel, or might 
be carried upon a transparent envelope into which an 

45 address label is placed. 

[0065] Fig. 3 shows the preferred configuration of a 
nominal fiduciary mark 50 in more detail. Nominal fidu- 
ciary mark 50 comprises large component 1 1 0 and small 
component 1 20. Components 1 1 0 and 1 20 are each cir- 

50 cular, and they are separated by a distance G. The di- 
ameter DL of large component 11 0 is approximately 3/4 
of an inch. The diameter D s of smaller component 120 
is approximately 7/1 6 of an inch. G is approximately 1 1 A 
of an inch. Acceptable performance is observed for the 

55 preferred embodiment when the above fiduciary mark 
parameters are used. Alternative embodiments might 
vary, the size of the components of fiduciary mark 50 
somewhat without unduly affecting the performance of 
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the present invention. 

[0066] A limit is imposed upon the size of fiduciary 
mark 50 by the resolution of CCD camera 60. Thus fi- 
duciary mark 50 may be made smaller if CCD camera 
60 has a higher resolution, and the resolution of CCD 
60 may- be reduced if fiduciary mark 50 is made larger. 
Due to the physical characteristics of a nominal fiduciary 
mark shown in Fig. 3 and the physical circumstances 
under which fiduciary mark system 10 is used as shown 
m Fig. 1 including the length of the optical path between 
CCD camera 60 and conveyor 20 and the height of most 
parcels processed by fiduciary mark system 1 0, the sys- 
tem has sufficient depth of field such that the size of a 
nominal fiduciary mark may be considered to be a con- 
stant for all parcels processed by fiduciary mark system 

[0067] Fig. 4 shows with particularity how the position 
and orientation of fiduciary mark 50 are defined. The lo- 
cation of large circle 110 is defined to be a single pixel 
location 1 30 located approximately at the center of large 
circle 110. The location of small circle 120 is defined to 
be a single pixel location 140 located approximately at 
the center of small circle 120. Vector 150 is drawn from 
pixel location 1 30 to pixel location 1 40 and thus defines 
the orientation of fiduciary mark 50. The pixel location 
1 60 located approximately at the midpoint between pixel 
location 130 and pixel location 140 along vector 150 is 
defined to be the position of fiduciary mark 50. 
[0068] An important aspect of the fiduciary mark sys- 
tem 1 0 is its ability to correctly identify poorly formed or 
degraded fiduciary marks such as fiduciary marks 50' 
and 50" shown in Fig. 5. Fiduciary mark 50' is poorly 
formed because it comprises too little fluorescent ink 
Fiduciary mark 50", on the other hand, is poorly formed 
because it comprises too much fluorescent ink as might 
result from smearing of the mark. The fiduciary mark 
system 10 is capable of identifying fiduciary marks un- 
der both of the conditions exemplified by fiduciary marks 
50' and 50°, and is further capable of reliably rejecting 
false fiduciary marks. These capabilities result from the 
design of software program 100, as described below. 
[0069] Fig. 6 shows a top level flow chart of the oper- 
ations carried out by software program 100. In Fig 6 
and in the following flow charts, oval or circular shaped 
enclosures indicate inputs, square or rectangular 
shaped enclosures indicate process steps, diamond 
shaped enclosures indicate decision steps, hexagonal 
shaped enclosures indicate outputs, and unenclosed 
text indicates explanatory information. 
[0070] The input to software program 100 is image 
210. Referring now to Fig. 1 , image 21 0 is the image of 
•the surface of parcel 30 which was captured by CCD 
camera 60, converted to digital form by controller/con- 
verter 70, and stored as a bit map in computer 80. Re- 
turning to Fig. 6, software program 100 performs a se- 
ries of routines on image 21 0 comprising area-of-inter- 
est (AOI) detection routine 220, large circle detection 
routine 230, small circle detection routine 240, and de- 



tection confidence thresholding routine 250. The result 
of software program 100, shown as output 260, is a de- 
termination of the position and orientation of a fiduciary 
mark included in image 210, or alternatively a determi- 
s nation that no fiduciary mark is included in image 21 0 
If software program 100 determines that a fiduciary 
mark is included within image 210, it produces as output 
the position and orientation of the fiduciary mark ex- 
pressed as position 160 and orientation vector 150 as 
t° shown best in Fig. 4. 

[0071] Fig. 7 shows with particularity the steps com- 
prising AOI detection step 220. The input to AOI detec- 
tion step 220 is image 210 containing a possible fiduci- 
ary mark. AOI detection routine 220 first compares the 
area represented by image 210 to a threshold value TA 
and skips the remaining steps of AOI detection routine 
220 if the area represented by image 210 is less than 
T A . Referring to Fig. 4, acceptable performance is ob- 
served for the preferred embodiment when T A is defined 
20 to be slightly larger than the square of the sum DL + DS 
+ G. This parameter may be varied somewhat without 
unduly affecting the performance of the system 
[0072] The next step 21 4 of AOI detection routine 220 
comprises computing projection histograms corre- 
25 sponding to image 210 along a set of orthogonal axes 
defined by the edges of image 210. Using projection his- 
tograms is a known technique for processing an image 
stored in a computer memory. See, for example Robert 
J. Schalkoff, Digital image Processing and Computer Vi- 
30 sion (1989), at page 196. 

[0073] For example, a projection histogram may be a 
one-dimensional array containing a representation of an 
image along one of a set of orthogonal axes. Each mem- 
ber of the projection histogram may correspond to one 
^ point along the axis, and contain a value equal to the 
sum of the matrix values in a corresponding orthogonal 
row or column. In this manner, a projection histogram 
represents the "mass" of a bit map along an axis As 
usee I in this context, the "mass" of a group of members 
of a bit map refers to the sum of the values of the mem- 
bers. The mass of a pixel is equal to 1 if fluorescing- 0 
if not. The mass of an area of a bit map thus represents 
the amount of light exposing a group of pixels of CCD 
camera 60. 

4 * [0074] Fig. 8(a) depicts image 21 0 comprising possi- 
ble fiduciary mark 50"', and projection histograms 410 
and 420. Projection histogram 410 is a one-dimensional 
representation of the image 21 0 wherein each member 
of the projection histogram represents the mass of a row 
50 of image 210 perpendicular to the projection histogram 
410. Projection histogram 420 is a one-dimensional rep- 
resentation of the image 210 wherein each member of 
the projection histogram represents the mass of a col- 
umn of image 210 perpendicular to the projection histo- 
55 gram 410. 

[0075] The next step 21 6 of AOI detection routine 220 
comprises filtering projection histograms 410 and 420 
through convolution with a triangular kernel of maximum 



8 



15 



EP0 820 617B1 



16 



width equal to the maximum width of a nominal fiduciary 
mark, D L + D s + G. Convolution is a well known filtering 
technique in the signal processing art. Convolution with 
a triangular kernel helps to identify the center of mass 
of obj cts similar in width to the triangular kernel. See, 
for example, Herbert P. Neff, Continuous and Discrete 
Linear Systems (1984), at pages 66-69. 
[0076] Fig. 8(b) depicts image 210 comprising fiduci- 
ary mark 50'", and filtered projection histograms 430 and 
440. Filtering projection histograms 410 and 420 with a 
triangular kernel of maximum width equal to the maxi- 
mum width of a nominal fiduciary mark tends to diminish 
features of the projection histograms that are not con- 
sistent with a nominal fiduciary mark. 
[0077] The next step 21 8 of AOI detection routine 220 
comprises determining projection histogram maximum 
lines 450 and 460. Projection histogram maximum line 
450 is perpendicular to filtered projection histogram 430 
and passes through the member 455 of filtered projec- 
tion histogram 430 with the highest value. Projection his- 
togram maximum 460 is perpendicular to filtered projec- 
tion histogram 440 and passes through the member 465 
of filtered projection histogram 440 with the highest val- 
ue. An approximate square 470 is then defined about 
the intersection 480 of lines 450 and 460. Square 470 
is defined to be large enough to ensure that it will en- 
compass a nominal fiduciary mark. Referring to Fig. 3, 
square 470 is defined to be of edge dimension slightly 
larger than D L + D s + G. 

[0078] The result of AOI detection step 220 is AOI im- 
age 222, which is the portion of image 21 0 that is bound- 
ed by square 470. The projection histogram and filter 
technique used to identify AOI image 222 is an efficient 
one-dimensional means for limiting the amount of image 
210 that must be processed using the more computa- 
tionally expensive two-dimensional techniques that fol- 
low! 

[0079] Once AOI detection routine 220 has been com- 
pleted, software program 100 proceeds with large circle 
detection routine 230. Large circle detection routine 230 
comprises a series of detection attempt subroutines of 
increasing computational expense including a first de- 
tection attempt subroutine 500 depicted in Figs. 9 and 
10, a second detection attempt subroutine 700 depicted 
in Fig. 11, a third detection attempt subroutine 800 de- 
picted in Figs. 1 2 and 1 3, and a fourth detection attempt 
subroutine 1000 depicted Figs. 14 through 17. As part 
of each detection attempt subroutine, the area identified 
by the subroutine as the most likely large circle candi- 
date is compared to a threshold value corresponding to 
a nominal large circle. If the candidate matches a nom- 
inal large circle within a specific threshold, the circle is 
deemed to have been identified. If the mark is well 
formed, the candidate image corresponds closely to a 
nominal large circle, and the large circle is identified by 
an early detection attempt. Subsequent detection at- 
tempt subroutines are skipped if a large circle has been 
successfully identified by a previous d tection attempt 



subroutine. In this manner, the great majority of well 
formed large circles are identifi d by the computation- 
ally, inexpensive early detection attempt subroutines, 
and only a relatively few poorly formed or degraded cir- 
s cles are subjected to the relatively computationally ex- 
pensive later detection attempt subroutines. 
[0080] Fig. 9 shows the steps of first detection attempt 
subroutine 500 with more particularity. The input to first 
detection attempt subroutine 500 is AOI image 222. The 

10 first step 520 of first detection attempt subroutine 500 is 
the computation of projection histograms corresponding 
to AOI image 222 along a set of orthogonal axes defining 
the edges of AOI image 222. Alternatively, data com- 
prising the projection histograms corresponding to AOI 

is image 222 may be passed to first detection attempt sub- 
routine 500 by AOI detection routine 220. 
[0081] The next step 530 comprises convolution of 
the projection histograms produced by step 520 with a 
triangular kernel whose maximum width is the diameter 

20 of a nominal large circle DL. The next step 540 compris- 
es defining projection histogram maximum lines corre- 
sponding to the filtered projection histograms produced 
by step 530. The next step 550 comprises defining a 
circular area about the intersection of the filtered projec- 
ts tion histogram maxima produced by step 540, as de- 
scribed below, and using the first moments of inertia to 
compute the center of mass within the circular area con- 
figuration. Using first moments of inertia to locate a cent- 
er of mass is a well known image processing technique 

30 corresponding to basic center of mass calculations in 
Physics. See, for example, Robert Resnick and David 
Halliday, Physics, Parti (1977), at page 164. 
[0082] The next step 560 comprises defining a circle 
slightly larger than a nominal large circle about the cent- 

35 er of mass produced by step 550, and computing the 
mass within the second area of predetermined configu- 
ration. The next step 570 compares the mass deter- 
mined by step 560 to two threshold values, T r and T 2 . 
If the mass determined by step 560 is greater than T-, 

40 and less than T 2 , the large circle is deemed to have been 
identified by first detection attempt subroutine 500, and 
the remaining subroutines of large circle detection rou- 
tine 230 are skipped. T-, and T 2 . are defined to the lower 
and upper limits required for an acceptable identification 

4 $ of the large circle by routine 500. For example, accept- 
able performance is observed for the preferred embod- 
iment when T 1 is defined to be approximately equal to 
95 percent of the mass of a nominal large circle, and T 2 
is defined to be approximately equal to 105 percent of 

so the mass of a nominal large circle. These parameters 
may be varied somewhat without unduly affecting the 
performance of the system. 

[0083] Fig. 10 illustrates steps 540 through 560. Im- 
age 600 shows a portion of AOI image 222. Point 610 
55 js the intersection of the filtered projection histogram 
maxima produced by step 540. The circular area defined 
by step 550, circle 620, is defined about point 610 to be 
a circle larger than a nominal large circle 650, but small 
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enough that it would not intersect the small circle 660 of 
a nominal fiduciary mark. Comparing Fig. 10 with Fig 3 
shows that the size of circle 620 is limited by D L , the 
diameter of a nominal large circle, and G, the distance 
separating the two circles of a nominal fiduciary mark s 
so that circle 620 will capture substantially all of the 
mass of a well formed large circle without capturing a 
substantial portion of the mass of a well formed small 
circle. 

[0084] Referring again to Fig 10, point 630 is the cent- 10 
er of the mass within circle 620, which is determined by ' 
taking the first moments of inertia of the values within 
circle 620. Circle 640 is defined about point 630 to be a 
circle slightly larger than a nominal large circle. 
[0085] Fig. 11 shows the steps of second detection 75 
attempt subroutine 700 with more particularity. Subrou- 
tine 700 uses correlation to locate a possible large circle 
location. Correlation is a well known technique in the im- 
age processing art. See, for example, Martin D. Levine, 
Vision in Man and Machine (1 985), at page 47. ' 20 

[0086] The input to second detection attempt subrou- 
tine 700 is AOI image 222. The first step 720 comprises 
defining a correlation template corresponding to a nom- 
inal large circle. The next step 730 comprises a coarse 
series of correlations between AOI image 222 and the 25 
template. The template is positioned sequentially at dif- 
ferent locations within the AOI, and the correspondence 
between pixel values within the template and those in 
the AOI image "under" the template is evaluated. The 
percent correlation, a measure of the correspondence 30 
found during a correlation step, is equal to the ratio of 
exposed pixels in the image "under" the template to the 
number of pixels comprising the template. 
[0087] For the coarse series of correlations, the tem- 
plate is sequentially located at a first subset of the pixel 35 
locations within AOI image 222. For the preferred em- 
bodiment, acceptable performance is observed when 
the members of the first subset are arranged in orthog- 
onal rows and columns wherein three pixels are skipped 
between adjacent pixel locations in the same row or col- 40 
umn. Thus, approximately one correlation is conducted 
for every sixteen pixels within the AOI during the coarse 
series of correlations. 

[0088] The next step 740 comprises a fine series of 
correlation between AOI image 222 and the template 45 
For the fine series of correlations, the template is se- 
quentially located at a second subset of the pixel loca- 
tions within AOI image 222. For the preferred embodi- 
ment, acceptable performance is observed when the 
fine series of correlations is conducted at pixel locations so 
with in a 5 pixel by 5 pixel square centered about the pixel 
location corresponding to the template center location 
producingthe largest correlation from coarse correlation 
step 730. Thus, twenty four additional correlations are 
conducted during the fine series of correlations. ss 
[0089] The two stage correlation procedure described 
above is employed to improve computational efficiency 
The subsets of pixel locations at which the coarse and 



fine series of correlation are conducted are parameters 
that depend on the number of pixels comprising a nom- 
inal fiduciary mark, and therefore must be selected in 
light of the characteristics of fiduciary mark system 10 
For the preferred embodiment these parameters may 
be varied somewhat without unduly affecting the per- 
formance of the system. 

[0090] The next step 750 comprises computing a cor- 
relation measure, such as the percent correlation, cor- 
responding to the pixel location producing the largest 
correlation from fine correlation step 740. The next step 
760 compares the correlation measure determined by 
step 750 to a threshold value T 3 . If the value determined 
by step 750 is greater than T 3 , the large circle is deemed 
to have been identified by second detection attempt 
700, and the remaining steps of large circle detection 
step 230 are skipped. 

[0091] The threshold value T 3 should be large enough 
to ensure that the small circle is not identified as the larg- 
er circle. For example, acceptable performance is ob- 
served for the preferred embodiment when T 3 is defined 
to be equal to the average of the correlation measure 
associated with a nominal small circle, and the correla- 
tion measure associated with a nominal large circle. The 
parameter T 3 may be varied somewhat without unduly 
affecting the performance of the system. Those skilled 
in the art will appreciate that parameters other than per- 
cent correlation could be used as a correlation meas- 
ures. 

[0092] Fig. 12 shows the steps of third detection at- 
tempt subroutine 800 with more particularity. Third de- 
tection attempt subroutine 800 follows second detection 
attempt subroutine 700 which identified a first candidate 
large circle that did not have sufficient mass to be 
deemed identified by second detection attempt subrou- 
tine 700. Therefore, it is likely that a fiduciary mark lo- ' 
cated within AOI 222 is severely deformed or degraded 
The input to third detection attempt subroutine 800 is 
AOI image 222 and the first candidate's center of mass 
location: 

[0093] The first step 820 sets to zero all pixel values 
within a nominal large circle defined about the first can- 
didate's center of mass location. The second step 830 
identifies a second candidate using the same correlation 
method described above as second detection attempt 
subroutine 700. The next step 840 restores the pixel val- 
ues of the first candidate, computes the radial variance 
of the mass within the first and second candidates, and 
selects the candidate with the larger radial variance as 
the most likely large circle candidate. The next step 850 
computes a variance measure, such as the percent cor- 
relation, associated with of the most likely, candidate 
identified by step 840. The next step 860 compares the 
variance measure determined by step 850 to a threshold 
value T 4 . If the variance measure determined by step 
850 is greater than T 4 , the large circle is deemed to have 
been identified by third detection attempt subroutine 
800, and the remaining steps of large circle detection 
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routine 230 are skipped. 

[0094] The threshold value T 4 should be large enough 
to ensure that the most likely candidate identified is rea- 
sonably likely to be a large circle. For example, accept- 
able performance is observed for the preferred embod- 
iment when the percent correlation is used as the vari- 
ance measure, and T 4 is equal to 50 percent This pa- 
rameter may be varied somewhat without unduly affect- 
ing the performance of the system. Those skilled in the 
art will appreciate that parameters other than percent 
correlation could be used as a variance measures. 
[0095] More particularly, step 840 computes the cent- 
er-of-mass (Xq, y 0 ) of each candidate. It then computes 
the radial variance r 2 of each candidate using the fol- 
lowing formula: 

r 2 = X m ^ x " *o ) 2 + 0> " *o ) 2 1 

x.y 

where x and y are pixel coordinates for the pixels within 
one nominal large circle radius of the center-of-mass, 
and m is the mass of a pixel, i.e., 1 or 0. The higher the 
radial variance, the more a candidate's mass is distrib- 
uted in terms of area. Large circle third detection attempt 
800 is performed to distinguish between the large and 
small circles associated with a fiduciary mark. There- 
fore, subroutine 800 chooses the candidate with the 
Higher radial variance as.the large circle preferred can- 
didate. The already-computed center of mass is used 
as then estimated large circle center position, and the 
percent correlation with a nominal large circle template 
with its center positioned at the preferred candidate's 
center of mass is then computed and used as the vari- 
ance measure associated with the preferred candidate. 
[0096] Fig. 1 3 illustrates the type of situation for which 
third detection attempt subroutine 800 may be success- 
ful. Poorly formed fiduciary mark 900 is characterized 
by a degraded large circle 110', and a small circle 120' 
which has been augmented by stray markings such as 
those that could be caused by smearing of the small cir- 
cle. Because small circle 120' contains more mass than 
large circle 1 00', the first and second detection subrou- 
tines attempt to identify small circle 120' as the large 
circle. The third detection attempt subroutine 800 iden- 
tifies large circle 1 1 0* as the most likely large circle com- 
ponent because it has a radial variance more closely 
approximating a nominal larger component than small 
circle 120' does. 

[0097] As it did following the first and second detec- 
tion attempts,, software program 100 determines the 
quality of the detection by considering a circular area 
slightly larger than a nominal large circle centered at the 
center of mass of the. preferred large circle candidate. 
The mass of fluorescing pixels within the circle is com- 
puted. It the mass is less than the threshold value T 4> 
then the mark is so seriously eroded that correlation may 
have tailed to locate the large circle with sufficient ac- 



curacy. In this case, the software program must perform 
the fourth detection attempt. Otherwise, software pro- 
gram i 00 proceeds to small circle detection. . 
[0098] Fig. 1 4 shows the steps of fourth detection at- 
s tempt subroutine 1 000 with more particularity. The input 
to fourth detection attempt subroutine 1000 is AOI im- 
age 222. The first step 1020 identifies the pixel values 
within AOI 222 comprising edge points of the image 
within AOI 222. First step 1020 identifies edge points by 
run length encoding the AOI image 222 and identifying 
as edge points those points where runs begin or end. 
The next step 1 030 compares the number of edge points 
to a threshold value T H and terminates fourth detection 
attempt subroutine 1000 if the number of edge points is 
above T H . In that event, the preferred candidate identi- 
fied during the third detection attempt is used as the 
large circle candidate. Acceptable performance is ob- 
served for the preferred embodiment when T H is less 
than or equal to 125 percent of the number of edge 
points comprising a nominal fiduciary mark. This param- 
eter may be varied somewhat without unduly affecting 
the performance of the present invention. 
[0099] If fourth detection attempt subroutine 1000 is 
not aborted by step 1030, step 1040 identifies a large 
circle candidate by a procedure comprising the Hough 
Method, which is well known in the image processing 
art. See, for example, Duda and Hart, "Use of the Hough 
Transformation to Detect Lines and Curves in Pictures, 
" Communication of the ACM, Vol. 15, No. 1, January 
1972, pp. 11-15. 

[0100] Fig. 15 shows the type of image for which the 
fourth detection attempt might be successful. There is 
not enough mass in either component 1101 or 1120 to 
be identified as the large circle by the first three detec- 
tion attempts. However, the edge of the image is suffi- 
ciently well formed to be identified by edge image iden- 
tification. 

[0101] Figs. 16 and 17 illustrate how the procedure 
comprising the Hough Method is applied in step 1040. 
An accumulator array is defined wherein each member, 
or bin, of the array corresponds to a pixel location within 
AOI image 222. Referring to Fig. 16, an edge pixel 1210 
is a point common to a family of possible large circle 
locations 1220a through 1220n. The centers of the 
members of the family form a locus comprising a circle 
1230 about edge pixel 1210. Each member of the edge 
of circle 1230 is therefore a possible location of the cent- 
er of a large circle comprising edge pixel 1210. 
[0102] Referring now to Fig. 17, a pixel location in AOI 
222 corresponds to a possible large circle location as 
shown in Fig. 17(a), and also corresponds to a bin 1240 
in the array as shown in Fig 17(b). Each bin 1240x cor- 
responds to a pixel location in AOI 222. Each bin 1240x 
is incremented each time it comprises a possible large 
circle location corresponding to an edge pixel 121 Ox 
within AOI 222, i.e., for each dge pixel 121 Ox, the bins 
corresponding to family of pixels 1230x are increment- 
ed. Once the bins of the array have been incremented 



15 



20 ■ 



25 



30 



35 



40 



45 



50 



11 



21 



EP 0 820 617B1 



22 



for each edge pixel in AO I 222, the bin with the largest 
value is deemed to be the bin corresponding to the large 
circle location. 

[0103] Referring now to Figs. 14 and 6, Step 1040 de- 
scribed above is the last possible step taken in an at- 
tempt to detect the large circle. Unless software pro- 
gram 100 had deemed the large circle identified in a pri- 
or step and had therefore already moved on to small 
circle detection routine 240, small circle detection rou- 
tine 240 follows step 1040. 

[0104] The first detection attempt used by small circle 
detection routine 240 is nearly identical to the large cir- 
cle first detection attempt subroutine .500 described 
above, with three significant differences. First, all of the 
pixel values identified as the large circle are set to zero. 
Second, the AOI is limited to an annular region about 
the large circle location as shown in Fig. 18. Third, the 
filter kernel used is triangular with maximum dimension 
equal to the diameter of a nominal small circle, D s . 
[01 05] If the mass of the detected circle is greater than 
a threshold value T S1 and less than a threshold value 
TS2, the software program proceeds to detection con- 
fidence thresholding routine 250. Acceptable perform- 
ance is observed for the preferred embodiment when 
T S1 is equal to 95 percent of the mass of a nominal small 
circle, and T S2 is equal to 105 percent of the mass of a 
nominal small. circle. These parameters may be varied 
somewhat without unduly affecting the performance of 
the present invention. If the mass deviates outside of 
the threshold values, a second detection attempt is re- 
quired. 

[0106] The second detection attempt used to locate 
the small circle is essentially the same as that described 
for locating the large circle. There are two exceptions. 
First, the template used for correlation now corresponds 
to a nominal small circle. Second, because the position 
of the large circle is known, correlation is only performed 
in the annular region 242 about the large circle corre- 
sponding to possible positions of the small circle as 
shown in Fig. 18. Next, a two-pass correlation (coarse 
and fine) is performed, and the resulting correlation 
measure is compared to a threshold value T S3 to deter- 
mine whether the small circle is deemed located by the 
second detection attempt. Acceptable performance is 
observed for the preferred embodiment when T^ is 
equal to 50 percent. This parameter may be varied 
somewhat without unduly affecting the performance of 
the present invention. If the mass deviates outside of 
the threshold values, a third detection attempt is re- 
quired. 

[0107] Because the large circle has already been lo- 
cated, there is no reason to check for a possible substi- 
tution error, thus there is no equivalent to third detection 
attempt subroutine 800 when detecting the small circle. 
However, if the correlation measure of the second de- 
tection attempt is below the threshold value T S3 , then a 
third detection attempt described below is conducted. If 
the correlation measure is above the threshold, the soft- 



ware program 100 proceeds directly to detection confi- 
dence thresholding routine 250. 
[0108] The third detection attempt for the small circle 
is equivalent to fourth detection attempt subroutine 
5 1000, i.e., the Hough Method is used. As before, this 
procedure is employed when the small circle is so erod- 
ed that even correlation may not yield a sufficiently ac- 
curate location. The procedure differs from that of the 
large circle in that the radius of the circular locus is now 
10 equal to that of a nominal small circle. 

[0109] At this point, software program 100 has done 
its best job to determine the positions of the large and 
small circles that comprise the fiduciary mark. However, 
because the software program is not foolproof, it is pos- 
is sible that one or both of these marks were located in- 
correctly. Indeed, it is possible that the original image 
consisted only of noise, not of a genuine fiduciary mark. 
For these reasons, it is necessary to compute the like- 
lihood that a genuine mark was detected. Therefore, 
20 small circle detection routine 240 is followed by detec- 
tion confidence thresholding routine 250. 
[0110] Detection confidence thresholding routine 250 
employs three distinct confidence measures to deter- 
mine whether the image identified is in fact a fiduciary 
25 mark. Due to the physical characteristics of a nominal 
fiduciary mark shown in Fig. 3 and the physical circum- 
stances under which fiduciary mark system 10 is used 
as shown in Fig. 1, including the length of the optical 
path between CCD camera 60 and conveyor 20 and the 
30 height of most parcels processed by fiduciary mark sys- 
tem 10, the system has sufficient depth of field such that 
the size of a nominal fiduciary mark may be considered 
to be a constant for all parcels processed by fiduciary 
mark system 10. Thus, the distance between the two 
35 circles of a nominal fiduciary mark may also be consid- 
ered to be a constant. If the distance between the de- 
tected large and small circles varies significantly from 
what is expected, software program 100 concludes that 
the mark is invalid. Thus, software program 100 com- 
40 putes a confidence related to the distance d be- 
tween the two circles' center points: 



45 



r_<tf) = w [l-i^] 



In the above equation, d c is the nominal center-to-center 
distance, A c is the deviation from nominal distance at 
which confidence becomes zero, and u() is the unit step 
s o function. The above equation generates highest confi- 
dence when the two centers are the expected distance 
apart. As the distance deviates either way from the nom- 
inal value, the confidence diminishes linearly. 
[0111] For each of the detected circles, a confidence 
55 value is computed corresponding to the confidence as- 
sociated with the detection of the circle. C L is the confi- 
dence associated with the large circle; C s is the confi- 
dence associated with the small circle. The calculation 
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of confidence depends upon which detection attempt fi- 
nally d tected the circle. If the first detection attempt was 
successful, the confidence is set to one. If correlation 
was used (i.e., second or third detection attempt for the 
large circle, or second detect ion. attempt for the small 
circle), the confidence is equal to the normalized percent 
correlation (i.e., the percent correlation is equal to one 
for a perfect match). If the Hough Method was used (i. 
e., fourth detection attempt for the large circle, or third 
detection attempt for the small circle), the confidence is 
equal to a normalized value of the accumulator array bin 
with the maximum value. This confidence is a measure 
of how much arc is present in the image. If the entire 
circle is present, the bin reaches its highest possible val- 
ue, and the confidence is set to one. 
[011 2] A final decision is made as to whether the mark 
is valid. Various computations may be employed to de- 
termine a final confidence, such as various forms of lin- 
ear and nonlinear combinations of the three individual 
confidence values. For purposes of the preferred em- 
bodiment, a conservative approach is taken: The soft- 
ware program 1 00 computes the final confidence as the 
minimum of the three individual confidences: 

C = min(C^,C L ,C s ) ( 

The final confidence is compared to a threshold value 
T c . If the final confidence is below T c , software program 
100 concludes that a valid fiduciary mark was not de- 
tected within AOI 222. In other words, a poor confidence 
measure for any of the three measures will result in a 
. failed detection declaration. Otherwise, the mark is de- 
clared legitimate, and the final position and orientation 
are output. Acceptable performance is observed for the 
preferred embodiment when T c js equal to 25 percent. 
This parameter may be varied somewhat without unduly 
affecting the performance of the present invention. 
[0113] Thus it will be seen that the present invention 
provides a highly accurate yet computationally efficient 
fiduciary mark system, usable with an over-the-belt 
OCR reader. The system processes a large number of 
parcels bearing fiduciary marks using low cost compo- 
nents, and ascertains the location and orientation of the 
destination address: on a parcel without relying on a 
standardized or preprinted label or container. The sys- 
tem reads fiduciary marks that may be affixed to a parcel 
in the same area as the destination address either be- 
fore or after the destination address has been written on 
or attached to the parcel without obscuring the destina- 
tion address. The system reliably identifies .poorly 
formed or damaged fiduciary marks, and reliably rejects 
false marks. 

[0114] It should be understood that the foregoing re- 
lates only to the preferred embodiment of the present 
invention, and that numerous changes may be made 
therein without departing from the scope of the invention 
as defined by the following claims. 



Claims 

1. A method of ascertaining the location and orienta- 
tion of readable indicia (59) on an object (30), the 

5 method comprising the steps of capturing an image 

(210) of the object by exposing a side of the object 
to scanning equipment (60, 95), creating a matrix 
defining a coordinate system corresponding to said 
. image, and translating a set of pixel values corre- 

10 sponding to said image into said matrix, character- 
ised by the steps of: 

affixing an orientation defining mark (50) to said 
object such that said orientation defining mark 
15 and said readable indicia are superimposed rel- 

ative to each other, the orientation defining 
mark being non-obstructive of the readable in- 
dicia, and the orientation defining mark and the 
readable indicia being separately identifiable 
20 when both are affixed to the same side of the 

object; and 

determining the position and orientation of said 
readable indicia with respect to said coordinate 
system by processing said pixel values to de- 
25 termine the position and orientation of said 

mark with respect to said coordinate system. 

2. A method according to claim 1 , wherein said mark 
(50) comprises two non-overlapping approximately 

30 circular components (110, 120) of different diame- 
ter. " 

3. A method according to claim 1 or claim 2, wherein 
said mark (50) comprises fluorescent ink. 

35 

4. A method according to any preceding claim, where- 
- in said readable indicia (59) is a bar code. 

5. A method according to any preceding claim, where- 
40 in said mark (50) is affixed to, or incorporated into, 

a label comprising said readable indicia (59), which 
is affixed to said object (30). 

6. A method according to any one of claims 1 to 4, 
45 wherein saidmark (50) is affixed to, or incorporated 

into, a transparent pouch, into which a label com- 
prising said readable indicia (59) is placed, and 
which is affixed to, or incorporated into, said object 
(30). 

50 

7. A method according to any preceding claim, where- 
in said determining the position and orientation of 
said readable indicia (59) comprises a method 
(100) of analysing the mark (50), which includes a 

55 first component (110) having a first optical signature 
and a second component ( 1 20) having a second op- 
tical signature, wherein said step of determining the 
position and orientation of said readable indicia with 
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respect to said coordinate system by processing 
said pixel values to determine the position and ori- 
entation of said mark with respect to said coordinate 
system comprises: 

5 

a first cropping step (220) wherein said image 
(210) is reduced to a first area (400); and, 
within said first area, 

(i) conducting a first series of detection at- 10 
tempts (230) of increasing computational 
complexity until said first component is 
s uccessf u lly detected; 

(ii) defining a first point (130) associated 
with said first component; 75 

(iii) setting to zero the pixel values associ- 
ated with said first component; 

(iv) conducting a second series of detec- 
tion attempts (240) of increasing computa- 
tional complexity until said second compo- 20 
nent is successfully detected; 

(v) defining a second point (1 40) associat- 
ed with said second component; and 

(vi) determining the orientation of a vector 
(150) from said first point to said second 25 
point with respect to said first set of coor- 
dinate axes. 

A method according to claim 7, wherein first crop- 
ping step (220) comprises the steps of: 30 

a step (214) for computing a set of projection 
histograms (41 0, 420) corresponding to said ar- 
ea (210), wherein each member of said set of 
projection histograms corresponds to one axis 35 
of said set of coordinate axes, and 1 
a step (21 6) for computing a set of first-filtered 
projection histograms (430, 440), wherein each 
member of said set of first-filtered projection 
histograms corresponds to a member of said 40 
set of projection histograms adjusted to dimin- 
ish features not corresponding to said orienta- 
tion defining mark (50), 
a step (218) for, 

defining a first set of maximum points (455, 45 
465), wherein each member of said first set of 
maximum points corresponds to one axis of 
said set of coordinate axes, and wherein each 
member of said first set of maximum points cor- 
responds to the point along its axis having, the so 
largest first-filtered projection histogram value, 
defining a first set of maximum lines (450, 460)! 
wherein each member of said first set of maxi- 
mum lines corresponds to one axis of said set 
of coordinate axes, and wherein each member 55 
of said first set of maximum lines includes the 
member of said first set of maximum points cor- 1 3. 
responding to the same axis, and runs parallel 



to the other axis, and 

defining, around the intersection (48) of the 
members of said first set of maximum lines 
(403, 404), a first predetermined configuration 
(470). ' 

9. A method according to claim 8, wherein said step 
(530) for computing a set of first-filtered projection 
histograms comprises convolution of each member 
of said set of projection histograms (410, 420) with 
a first triangular kernel. 

10. A method according to claim 9, wherein said mark 
(50) nominally comprises two non-overlapping cir- 
cles (110, 120) of different.diameter, and said first 
triangular kernel has a maximum dimension ap- 
proximately equal to the sum of the diameters of 
each said circle plus the minimum distance be- 
tween said circles. 

11. A method according to any one of claims 8 to 10, 
wherein step (i) comprises: 

conducting a first detection attempt (500); 
if said first detection attempt fails, conducting a 
second detection attempt (700), said second 
detection attempt having a greater computa- 
tional complexity than said first detection at- 
tempt; and 

if said second detection attempt fails, conduct- 
ing a third detection attempt (800), said third 
detection attempt having a greater computa- 
tional complexity than said second detection at- 
tempt. 

2. A method according to claim 11, wherein said first 
detection attempt (500) comprises the steps of: 

steps (520-540) for a second cropping step, 
wherein said image is reduced to a second area 
(600); and 
a step (550) for, 

computing the centre of mass (630) of the 
pixel values (650) within said second area, 
defining a first region (640) about said cen- 
tre of mass of the pixel values within said 
second area, and 

computing the mass of the pixel values 
within said first region; and 

a step (570) for comparing said mass of the pix- 
els values within said first region to the mass of 
the pixel values within a nominal first compo- 
nent (110). 

A method according to claim 12, wherein said first 
region (640) is approximately circular and larger 
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than said nominal first component (110). 

1 4. A method according to claim 1 2 or claim 1 3, wherein 
said second cropping step comprises the steps of: 

5 

a step (520) for computing a set of projection 
histograms corresponding to said area of said 
predetermined configuration (470), wherein 
each member of said set of projection histo- 
grams corresponds to one axis of said set of io 
coordinate axes; 

a step (530) for computing a set of second-fil- 
tered projection histograms, wherein each 
member of said set of second-filtered projection 
histograms corresponds to a member of said is 
set of projection histograms adjusted to dimin- 
ish features not corresponding to said first com- 
ponent; 

a step (530) for, 

20 

defining a second set of maximum points, 
wherein each member of said second set 
of maximum points corresponds to one ax- 
is of said set of coordinate axes, and 
wherein each member of said second set 25 
of maximum points corresponds to the 
point along its axis having the largest sec- 
ond-filtered projection histogram value, 
defining a second set of maximum lines, 
wherein each member of said second set 30 
of maximum lines corresponds to one axis 
of said set of coordinate axes, and wherein 
each member of said second set of maxi- 
mum lines includes the member of said 
second set of maximum points corre- 35 
sponding to the same axis, and runs paral- 
lel to the other axis, and 
defining, around the intersection of the 
members of said second set of maximum 
lines, a second predetermined configura- 40 
tion (600). 

15. A method according to any one of claims 11 to 14, 
wherein said second detection attempt (700) com- 
prises the steps of: 45 

a step (720) for generating a first template cor- 
responding to a nominal first component (110);. 
a step (730) for performing a first sequence of 
correlations, each of said first sequence of cor- so 
relations being performed between pixels en- 
compassed by the first template positioned 
about one of a first plurality of selected pixels, 
and the pixel values within an area defined by 
said first plurality of selected pixels; 55 
a step (740) for, 

defining a second plurality of selected pix- 



els associated with the member of said first 
plurality of selected pixels with the largest 
correlation, 

performing a second sequence of correla- 
tions, each of said second sequence of cor- 
relations being performed between pixels 
encompassed by said first template posi- 
tioned about one of second plurality of se- 
lected pixels, and the pixels within an area 
defined by said second plurality of selected 
pixels, and the pixels within an area de- 
fined by said second plurality of selected 
pixels, and 

determining a member of said second plu- 
rality of selected pixels with the largest cor- 
relation; 

a step (750) for computing a first correlation 
measure corresponding to the correlation as- 
sociated with said member of said second plu- 
rality of selected pixels with the largest correla- 
tion; and 

a step 760) for comparing said first correlation 
measure to a threshold value. 

16. A method according to claim 15, wherein the mem- 
bers of said first plurality of selected pixels are 
spaced a first distance apart from each other, and 
the members of said second plurality of selected 
pixels are spaced a second distance apart from 
each other, and wherein, said second distance is 
less than said first distance. 

17. A method according to claim 16, wherein said third 
detection attempt (800) comprises the steps of: 

a step (810) for defining a first candidate set of 
pixels; 

a step (820) for setting to zero all pixel values 

associated with said first candidate; 

a step (830) for defining a second candidate set 

of pixels; 

a step (840) for, 

computing the radial variance of the pixel 
values associated with said first candidate, 
computing the radial variance of the pixel 
values associated with said second candi- 
date, and 

defining a first preferred candidate to be 
the one among first and second candidates 
with a radial variance more nearly approx- 
imating the radial variance of a nominal first 
component; 

a step (850) for computing a first variance 
measure corresponding to the radial variance 
associated with said first preferred candidate; 
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and 

a step (860) for comparing said first variance 
measure to.a threshold value. ■ 

18. A method according to any one of claims 11 to 17 
further comprising a fourth attempt (1 000) compris- 
ing the steps of: 

a step (1020) for determining a first set of edge 
pixel groups, wherein each member of said first 
set of edge pixel groups comprises pixels form- 
ing the edge of a contiguous formation of pixels 
with in said first area; and 
a step (1040) for comparing members of said 
first set of edge pixel groups to the edge pixels 
of a nominal first component. 

1 9. A method according to any preceding claim, further 
comprising a step (250) of computing a net confi- 
dence value for the likelihood that an expected in- 
dicia has been detected. 

20. A method according to claim 20, wherein said step 
(250) of computing a net confidence value compris- 
es one or more of the following steps: 

computing a first confidence value by compar- 
ing the distance between said first point (1 30) 
and said second point (140) to a distance as- 
sociated with said expected indicia 
computing a second confidence value by com- 
paring a measure of said first series of detec- 
tion attempts (230) to a first nominal value as- 
sociated with said nominal first component 
(110); or 

computing a third confidence value by compar- 
ing a measure of said second series of detec- 
tion attempts (240) to a second nominal value 
associated with said nominal second compo- 
nent (120). 
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21 . A method according to any preceding claim, where- 
in said nominal components (110, 120) are approx- 
imately circular images of different diameter 

22. An article comprising a substrate (30), the position 
and orientation of which can be ascertained, and 
readable indicia (59) positioned on said substrate, 
said readable indicia being separately identifiable 
by exposing a side of said substrate to scanning 
equipment (95), characterised by 
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50 27. 



an orientation defining mark (50) superimposed 
relative to said readable indicia on said sub- 
strate, the mark being non-obstructive of the 55 
readable indicia, 

said mark and said readable indicia being sep- 
arately identifiable by exposing the same side 



28. 



of said substrate to scanning equipment (60 
95), and v ' 

the orientation and position of said mark being 
determined with respect to a co-ordinate sys- 
tem corresponding to a captured image, the co- 
ordinate system being defined by a matrix cre- 
ated.by the scanning equipment by translating 
a set of pixel values corresponding to the image 
in the matrix. 

23. An article according to claim 22, wherein said mark 
(50) comprises fluorescent ink; 

24. An article according to claim 22 or claim 23, wherein 
said mark (50) comprises a pair of circles ( 1 1 0, 1 20) 
of differing size aligned to define the orientation of 
said readable indicia (59). 

25. A system for scanning an object (30) to ascertain 
orientation information pertaining to said object, the 
system comprising scanning equipment (60) -for 
capturing an image of said object, and readable in- 
dicia (59) positioned on said object, characterised 
by 

an orientation defining mark (50) superimposed 
relative to said readable indicia on said object, 
the mark being non-obstructive of the readable 
indicia; 

said mark and said readable indicia being sep- 
arately identifiable by exposing the same side 
of said object to scanning equipment (60, 95) 
and 

the orientation and position of said mark being 
determined with respect to a co-ordinate sys- 
tem corresponding to a captured image, the co- 
ordinate system being defined by a matrix cre- 
ated by the scanning equipment by translating 
a set of pixel values corresponding to the image 
in the matrix; and ' 

a computer (80) configured to process an im- 
age of said mark to determine the position and 
orientation of said readable indicia. 

A system according to claim 25, wherein said mark 
(50) comprises a pair of circles (110, 120) of differ- 
ing size aligned to define the orientation of said ob- 
ject (30). 

A system according to claim 25 or claim 26, wherein 
said mark (50) comprises fluorescent ink. 

A system according to any one of claims 25 to 27, 
further comprising a conveying system (20) for 
moving the object (30) adjacent to the scanning 
equipment (60). 
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Pat ntanspru he 

1. Verfahren zur Bestimmung der Position und Aus- 
richtung von lesbaren Angaben (59) auf einem Ob- 
jekt (30), mit den Schritten des Erfassens eines Bil- 5 
des (21 0) des Objekts durch Beiichtung einer Seite 
des Objekts mit Scan-Geraten (60, 95), des Erzeu- 
gens einer Matrix, die ein Koordinatensystem defi- 
niert, das dem Bild entspricht, und des Ubersetzens 
einer Menge von Pixelwerten, die dem Bild.ent- 10 
spricht, in die Matrix, gekennzeichnet durch die fol- 
genden Schritte: 

Anbringen einer Markierung (50), die die Aus- 
richtung definiert, an dem Objekt, so daG die is 
Markierung, die die Ausrichtung definiert, und 
die lesbaren Angaben einander Qberlagert 
sind, wobei die Markierung, die die Ausrichtung 
definiert, die lesbaren Angaben nicht verdeckt 
und die Markierung, die die Ausrichtung defi- 20 
niert, und die lesbaren Angaben separat iden- 
tifizierbar sind, wenh beide auf derselben Seite 
des Objekts angebracht sind; und 
Bestimmen der Position und Ausrichtung der 
besagten lesbaren Angaben in bezug auf das 25 
Koordinatensystem durch Verarbeiten der Pi- 
xelwerte zur Bestimmung der Position und Aus- 
richtung der Markierung in bezug auf das Ko- 
ordinatensystem. 

30 

2. Verfahren nach Anspruch 1, wobei die Markierung 
(50) zwei sich nicht uberlappende, ungefahr kreis- 
formige Komponenten (110, 120) mit verschiede- 
nem Durchmesser umfaGt. 

35 

3. Verfahren nach Anspruch 1 oder 2, wobei die Mar- 
kierung (50) fluoreszierenden Farbstoff umfaGt. 

8. 

4. Verfahren nach einem der vorhergehenden Anspru- 
che, wobei es sich bei den lesbaren Angaben (59) 40 
um einen Strichcode handelt. 

5. Verfahren nach einem der vorhergehenden Anspru- 
che, wobei die Markierung (50) an einem Etikett mit 
den lesbaren Angaben (59) angebracht oder in die- 45 
ses integriert ist, das an dem Objekt (30) ange- 
bracht wird. 

6. Verfahren nach einem der Anspruche 1 bis 4, wobei 

die Markierung (50) an einer transparenten Tasche so 
angebracht wird oder in diese integriert ist, in die. 
ein Etikett mit den lesbaren Angaben (59) gesteckt 
wird und die an dem Objekt (30) angebracht oder 
in dieses integriert wird. 

55 

7. Verfahren nach einem der vorhergehenden Anspru- . 
che, wobei das Bestimmen der Position und der 
Ausrichtung der lesbaren Angaben (59) ein Verfah- 



ren (100) zur Analyse der Markierung (50) umfaGt, 
die einen ersten Bestandteil (110) mit einer ersten 
optischen Signatur und einen zweiten Bestandteil 
(120) mit einer zweiten optischen Signatur enthalt, 
wobei der Schritt des Bestimmens der Position und 
der Ausrichtung der lesbaren Angaben in bezug auf 
das Koordinatensystem durch Verarbeiten der Pi- 
xelwerte zur Bestimmung der Position und Ausrich- 
tung der Markierung in bezug auf das Koordinaten- 
system folgendes umfaGt: 

einen ersten Abschneideschritt (220), bei dem 
das Bild (210) auf einen ersten Bereich (400) 
reduziert wird; und, 
in dem ersten Bereich, 

(i) Durchf uhren einer ersten Folge von Er- 
kennungsversuchen (230) mit zunehmen- 
der rechnerischer Komplexitat, bis der er- 
ste Bestandteil erfolgreich erkannt wurde; 

(ii) Definieren eines ersten Punkts (130), 
' der dem ersten Bestandteil zugeordnet ist; 

(iii) Setzen der Pixelwerte, die dem ersten 
Bestandteil zugeordnet sind, auf Null; 

(iv) Durchfuhren einer zweiten Folge von 
Erkennungsversuchen (240) mit zuneh- 
mender rechnerischer Komplexitat, bis der 
zweite Bestandteil erfolgreich erkannt wur- 
de; 

(v) Definieren eines zweiten Punkts (140), 
der dem zweiten Bestandteil zugeordnet 

. ist; und 

(vi) Bestimmen der Ausrichtung eines Vek- 
tors (150) von dem ersten -Punkt zu dem 
zweiten Punkt in bezug auf die erste Men- 
ge von Koordinatenachsen. 

Verfahren nach Anspruch 7, wobei der erste Ab- 
schneideschritt (220) die folgenden Schritte um- 
faGt: 

einen Schritt (214) zur Berechnung einer Men- 
ge von Projektionshistogrammen (410, 420), 
die dem Bereich (210) entsprechen, wobei je- 
des Element der Menge von Projektionshisto- 
grammen einer Achse der Menge von Koordi- 
natenachsen entspricht, und 
einen Schritt (216) zur Berechnung einer Men- 
ge erster gefilterter Projektionshtstogramme 
(430, 440), wobei jedes Element der Menge 
von ersten gefilterten Projektionshistogram- 
men einem Element der Menge von Projekti- 
. onshistogrammen entspricht, das so korrigiert 
wurde, daG Merkmale verringert werden, die 
nicht der Markierung (50), die die Ausrichtung 
definiert, entsprechen, 
einen Schritt (218) zum 

Definieren einer ersten Menge von Maximal- 
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punkten (455, 465), wobei jedes Element der 
ersten Menge von Maximalpunkten einer Ach- 
se der Menge von Koordinatenachsen ent- 
spricht und wobei jedes Element der ersten 
Menge von Maximalpunkten dem Punkt ent- s 
lang seiner Achse entspricht, der den groGten 
Wert des ersten gefilterten Projektionshisto- 
gramms aufweist, 

Definieren einer ersten Menge von Maximalli- 
nien (450, 460), wobei jedes Element der er- 10 
sten Menge von Maximallinien einer Achse der 
Menge von Koordinatenachsen entspricht und 
wobei jedes Element der ersten Menge von 
Maximallinien das Element der ersten Menge 
von Maximalpunkten enthalt, das derselben is 
Achse entspricht, und parallel zu der anderen 
Achse verlauft, und 

Definieren, urn den Schnittpunkt (48) der Ele- 
mente der ersten Menge von Maxmimallinien 
(403, 404), einer ersten vorbestimmten Konfi- 20 
guration (470). 



Verfahren nach Anspruch 8, wobei der Schritt (530) 
zur Berechnung einer Menge von ersten gefilterten 
Projektionshistogrammen das Faiten jedes Ele- 
ments der Menge von Projektionshistogrammen 
(410, 420) mit einem ersten dreieckigen Kern urn- 
faGt. 



10. Verfahren nach Anspruch 9, wobei die Markierung 
(50) nominal zwei, sich nicht uberlappende Kreise 
(110, 120) verschiedenen Durchmessers umfaGt 
und der erste dreieckige Kern eine maximale Ab- 
messung aufweist, die ungefahr gleich der Summe 
der Durchmesser jedes der Kreise plus den mini- 
malen Abstand zwischen den Kreisen ist. 

11 . Verfahren nach einem der Anspruche 8 bis 10, wo- 
bei Schritt (i) folgendes umfaGt: 



Durchfuhren ,eines ersten Erkennungsver 
suchs (500); 

wenn der erste Erkennungsversuch erfolglos 
bleibt, Durchfuhren eines zweiten Erkennungs- 
versuchs (700), wobei der zweite Erkennungs- 45 
versuch eine groGere rechnerische Komplexi- 
tat als der erete Erkennungsversuch aufweist; 
und 

wenn der zweite Erkennungsversuch erfolglos 
bleibt, Durchfuhren eines dritten Erkennungs- so 
versuchs (800), wobei der dritte Erkennungs- 
versuch eine groGere rechnerische Komplexi- 
tat als der zweite Erkennungsversuch aufweist. 
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12. Verfahren nach Anspruch 11, wobei der erste Er- 
kennungsversuch (500) die folgenden Schritte um- 
faGt: 



55. 



Schritte (520-540) fur einen zweiten Abschnei- 
deschritt, wobei das Bild auf einen zweiten Be- 
reich (600) reduziert wird; und 
einen Schritt (550) zum 
Berechnen des Massenschwerpunkts (630) 
der Pixelwerte (650) in dem zweiten Bereich, 
Definieren eines ersten Bereichs (640) urn den 
Massenschwerpunkt der Pixelwerte in dem 
zweiten Bereich, und 

Berechnen der Masse der Pixelwerte in dem er- 
sten Bereich; und 

einen Schritt (570) zum Vergleichen der Masse 
der Pixelwerte in dem ersten Bereich mit der 
Masse der Pixelwerte in einem nominalen er- 
sten Bestandteil (11 0). 

13. Verfahren nach Anspruch 12, wobei der erste Be- 
reich (640) ungefahr kreisformig und groGer als der 
nominate erste Bestandteil (110) ist. 

14. Verfahren nach Anspruch 12 oder 13, wobei der 
zweite Abschneideschritt die folgenden Schritte 
umfaGt: 

einen Schritt (520) zum Berechnen einer Men- 
ge von Projektionshistogrammen, die dem Be- 
reich der vorbestimmten Konfiguration (470) 
entsprechen, wobei jedes Element der Menge 
von Projektionshistogrammen einer Achse der 
Menge von Koordinatenachsen entspricht 
einen Schritt (530) zum Berechnen einer Men- 
ge von zweiten gefilterten Projektionshisto- 
grammen, wobei jedes Element der Menge von 
zweiten gefilterten Projektionshistogrammen 
einem Element der Menge von Projektions- 
histogrammen entspricht, das so korrigiert wur- 
de, daG Merkmale verringert werden, die nicht 
dem ersten Bestandteil entsprechen; 
einen Schritt (530) zum 
Definieren einer zweiten Menge von Maximal- 
punkten, -wobei jedes Element der zweiten 
Menge von Maximalpunkten einer Achse der 
Menge von Koordinatenachsen entspricht und 
wobei jedes Element der zweiten Menge von 
Maximalpunkten dem Punkt entlang seiner 
Achse entspricht, der den groGten wert des 
zweiten gefilterten Projektionshistogramms 
aufweist, 

Definieren einer zweiten Menge von Maximal- 
linien, wobei jedes Element der zweiten Menge 
von Maximallinien einer Achse der Menge von 
Koordinatenachsen entspricht und wobei jedes 
Element der zweiten Menge von Maximallinien 
das Element der zweiten Menge von Maximal- 
punkten enthalt, das derselben Achse ent- 
spricht, und parallel zu der anderen Achse ver- 
lauft, und 

Definieren, urn den Schnittpunkt der Elemente . 
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der zweiten Menge von Maximallini n, einer 
zweiten vorbestimmten Konfiguration (600). 

1 5. Verfahren nach einem der Anspruche 1 1 bis 1 4, wo- 
bei def zweite Erkennungsversuch (700) die folgen- 
den Schritte umfaBt: 

einen Schritt (720) zur Erzeugung einer ersten 
Schablone, die einem nominalen ersten Be- 
standteil (110) entspricht; 
einen Schritt (730) zum DurchfOhren einer er- 
sten Folge von Korrelationen, wobei jede der 
ersten Folge von Korrelationen zwischen Pi- 
xeln, die durch die erste Schablone einge- 
schlossen werden, die um einen einer ersten 
Vielzahl von gewahlten Pixeln herum positio- 
niert wird, und den Pixelwerten in einem Be- 
reich, der durch die erste Vielzahl von gewahl- 
ten Pixeln definiert wird, durchgefuhrt wird; 
einen Schritt (740) zum 

Definieren einer zweiten Vielzahl von gewahl- 
ten Pixeln, die dem Element der ersten Vielzahl 
von gewahlten Pixeln mit der groBten Korrela- 
tion zugeordnet ist, 

DurchfOhren einer zweiten Folge von Korrela- 
tionen, wobei jede der zweiten Folge von Kor- 
relationen zwischen Pixeln, die durch die erste 
Schablone eingeschlossen werden, die um ei- 
nen der zweiten Vielzahl von gewahlten Pixeln 
herum positioniert wird, und den Pixeln in ei- 
nem Bereich, der durch die zweite Vielzahl von 
gewahlten Pixeln definiert wird, und den Pixeln 
in einem Bereich, der durch die zweite Vielzahl 
von gewahlten Pixeln definiert wird, durchge- 
fuhrt wird, und 

Bestimmen eines Elements der zweiten Viel- 
zahl von gewahlten Pixeln mit der groBten Kor- 
relation; 

einen Schritt (750) zum Berechnen eines er- 
sten KorrelationsmaBes, das der Korrelation 
entspricht, die dem Element der zweiten Viel- 
zahl von gewahlten Pixeln mit der gr63ten Kor- 
relation zugeordnet ist; und 
einen Schritt (760) zum Vergleichen des ersten 
KorrelationsmaBes mit einem Schwellenwert 

16. Verfahren nach Anspruch 15, wobei die Elements 
der ersten Vielzahl von ausgewahlten Pixeln eine 
erste Distanz voneinander beabstandet sind und 
die Elemente der zweiten Vielzahl von ausgewahl- 
ten Pixeln eine zweite Distanz voneinander beab- 
standet sind und wobei die zweite Distanz kleiner 
als die erste Distanz ist. 

17. Verfahren nach Anspruch 16, wobei der dritte Er- 
kennungsversuch (800) die folgenden Schritte um- 
faBt: 



einen Schritt (810) zum Definieren einer ersten 
Anwartermenge von Pixeln; 
einen Sahritt (820) zum Nullsetzen aller Pixel- 
werte, die dem ersten Anwarter zugeordnet 

5 sind; 

einen Schritt (830) zum Definieren einer zwei- 
ten Anwartermenge von Pixeln; 
einen Schritt (840) zum 
Berechnen der radialen Varianz der Pixelwerte, 

*o die dem ersten Anwarter zugeordnet sind, 

Berechnen der radialen Varianz der Pixelwerte, 
die dem zweiten Anwarter zugeordnet sind, 
und 

Definieren eines ersten bevorzugten Anwarters 
1 $ als der eine des ersten und zweiten Anwarters 

mit einer radialen Varianz, die der radialen Va- 
rianz eines nominalen ersten Bestandteils na- 
herkommt; 

einen Schritt (850) zum Berechnen eines er- 
20 sten VarianzmaBes, das der radialen Varianz 

entspricht, die dem ersten bevorzugten Anwar- 
ter zugeordnet ist; und 

einen Schritt (860) zum Vergleichen des ersten 
VarianzmaBes mit einem Schwellenwert. 

25 

18. Verfahren nach einem der Anspruche 11 bis 17, 
weiterhin mit einem vierten Versuch (1000) mit den 
folgenden Schritten: 

30 einem Schritt (1020) zum Bestimmen einer er- 

sten Menge von Randpixelgruppen, wobei je- 
des Element der ersten Menge von Randpixel- 
gruppen Pixel umfaBt, die den Rand einer zu- 
sammenhangenden Formation von Pixeln in 

35 dem ersten Bereich bilden; und 

einem Schritt (1040) zum Vergleichen von'Ele- 
menten der ersten Menge von Randpixelgrup- 
pen mit den Randpixeln eines nominalen er- 
sten Bestandteils. 

40 

19. Verfahren nach einem der vorhergehenden Anspru- 
che, weiterhin mit einem Schritt (250) des Berech- 
nens eines Netto-Konfidenzwerts fur die Wahr- 
scheinlichkeit, daB eine erwartete Angabe erkannt 

45 wurde. 

20. Verfahren nach Anspruch 20, wobei der Schritt 
(250) des Berechnens eines Netto-Konfidenzwerts 
einen Oder mehrere der folgenden Schritte umfaBt: 

50 

Berechnen eines ersten Konfidenzwerts durch 
Vergleichen der Distanz zwischen dem ersten 
Punkt (130) und dem zweiten Punkt (140) mit 
einer Distanz, die den erwarteten Angaben zu- 
55 geordnet ist; 

Berechnen eines zweiten Konfidenzwerts 
durch Vergleichen eines MaBes der ersten Fol- 
ge von Erkennungsversuchen (230) mit einem 
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ersten Nominalwert, derdem nominalen ersten 
Bestandteil (110) zugeordnet ist; oder ' 
Berechnen ernes dritten Konfidenzwerts durch 
Vergleichen eines MaGes der zweiten Folge 
von Erkennungsversuchen (240) mit einem 5 
zweiten Nominaiwert, derdem nominalen zwei- 
ten Bestandteil (120) zugeordnet ist. 



21. Verfahren nach einem der vorhergehenden Anspru- 
che, wobei die nominalen Bestandteile (110, 120) 
ungefahr kreisformige Bilder verschiedener Durch- 
messer sind. 



10 



22. Artikel mit einem Substrat (30), dessen Position und 
Ausrichtung bestimmt werden konnen, und lesba- is 
ren Angaben (59), die auf dem Substrat positioned 
sind, wobei die lesbaren, Angaben separat durch 
Belichten einer Seite des Substrats mit Scan-Gera- 
ten (95) identifizierbar sind, gekennzeichnet durch: 

20 

eine Markierung (50), die die Ausrichtung defi- 
niert, die in bezug auf die lesbaren Angaben auf 
dem Substrat uberlagert ist, wobei die Markie- 
rung die lesbaren Angaben nicht verdeckt, 
wobei die Markierung und die lesbaren Anga- 25 
ben durch Belichten derselben Seite des Sub- 
strats mit Scan-Geraten (60, 95) separat iden- 
tifizierbar sind, und 

die Ausrichtung und Position der Markierung in 
bezug auf ein Koordinatensystem bestimmt 30 
werden, das einem erfaGten Bild entspricht, 
wobei das Koordinatensystem durch eine Ma- 
trix definiert wird, die durch die Scan-Gerate 
durch Ubersetzen einer Menge von Pixelwer- 
ten erzeugt wird, die dem Bild in der Matrix ent- 35 
sprechen. 

23. Artikel nach Anspruch 22, wobei die Markierung 
(50) fiuoreszierenden Farbstoff umfaBt. 

40 

24. Artikel nach Anspruch 22 oder 23, wobei die Mar- 
kierung (50) ein Paar von Kreisen (110, 120)mitver- 
schiedener GroGe umfaBt, die so ausgerichtet wer- 
den, daG die Ausrichtung der lesbaren Angaben 

(59) definiert wird. " 45 

25. System zum Scannen eines Objekts (30) zur Be- 
stimmung von Ausrichtungsinformationen bezug- 
lich des Objekts, wobei das System Scan-Gerate 

(60) zum Erfassen eines Bildes des Objekts und so 
lesbare Angaben (59), die auf dem Objekt positio- 
ned sind, umfaGt, gekennzeichnet durch: 

eine Markierung (50), die die Ausrichtung defi- 
niert, die in bezug auf die lesbaren Angaben auf 55 
dem Objekt uberlagert ist, wobei die Markie- 
rung die lesbaren Angaben nicht verdeckt; 
wobei die Markierung und die lesbaren Anga- 



ben separat durch Belichten derselben Seite 
des Objekts mit Scan-Geraten (60, 95) identifi- 
zierbar sind, und 

die Ausrichtung und Position der Markierung in 
bezug auf ein Koordinatensystem bestimmt 
werden, das einem erfaGten Bild entspricht, 
wobei das Koordinatensystem durch eine Ma- 
trix definiert wird, die durch die Scan-Gerate 
durch Ubersetzen einer Menge von Pixelwer- 
ten erzeugt wird, die dem Bild in der Matrix ent- 
sprechen; und 
einen Computer (80), der so konfiguriert ist, 
daG er ein Bild der Markierung so verarbeitet, 
daG die Position und Ausrichtung der lesbaren 
Angaben bestimmt werden. 

26. System nach Anspruch 25, wobei die Markierung 
(50) ein Paar von Kreisen (110, 120) mit verschie- 
dener GroGe umfaGt, die so ausgerichtet werden, 
daG die Ausrichtung des Objekts (30) definiert wird. 

27. System nach Anspruch 25 oder 26, wobei die Mar- 
kierung (50) fiuoreszierenden Farbstoff umfaGt. 

28. System nach einem der Anspruche 25 bis 27, wei- 
terhin mit einem Fdrdersystem (20) zur Bewegung 
des Objekts (30) in der Nahe der Scan-Gerate (60). 

Revendications 

1 . Procede pour determiner ('emplacement et I'orien- 
tation d'un indice lisible (59) sur un objet (30), le pro- 
cede comprenant les etapes consistant a capter 
une image (210) de I'objet en exposant un cote de ' 
I'objet a un appareillage de balayage (60, 95) creant 
une matrice definissant un systeme de coordon- 
nees correspondant a ladite image, ettraduisant un 
jeu de valeurs de pixel correspondant a ladite image 
dans ladite matrice, le procede etant caracterise par 
les Stapes consistant a : 

fixer une marque (50) de definition d'orientation 
audit objet, de telle facon que ladite marque de 
definition d'orientation et ledit indice lisible 
soient superposes Pun par rapport a I'autre, la 
marque definissant I'orientation ne cachant pas 
('indice lisible, et la marque definissant I'orien- 
tation et I'indice lisible etant identifiables de fa- 
con separee lorsqu'ils sont tous deux fixes sur 
le meme cote de I'objet; et 
determiner la position et I'orientation dudit indi- 
ce lisible par rapport audit systeme de coordon- 
nees en traitant lesdites valeurs de pixel pour 
determiner la position et I'orientation de ladite 
marque par rapport audit systeme de coordon- 
nees. 
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Procede selon la revendication 1 , dans lequei ladite 
marque (50) comprend deux comppsants approxl- 
mativement circulaires ne se recouvrant pas (110, 
120) presentant un diametre different. 

5 

Procede selon la revendication 1 ou la revendica- 
tion 2, dans lequei ladite marque (50) comprend 
une encre fluorescente. 

Procede selon Tune quelconque des revendications 10 
precedentes, dans lequei ledit indice lisible (59) est 
un code barre. 

Procede selon Tune quelconque des revendications 
precedentes, dans lequei ladite marque (50) est ts 
fixee a une etiquette ou incorporee dans une eti- 
quette comprenant ledit indice lisible (59), lequei est 
fix6 audit objet (30). 

Procede selon Tune quelconque des revendications 20 
1 a 4, dans lequei ladite marque (50) est fixee a une 
poche transparente, ou y est incorporee, dansla- 
quelle une etiquette comprenant ledit indice lisible 
(59) est place, laquelle poche est fixee audit objet 
(30) ou y est incorporee. 25 

Procede selon Tune quelconque des revendications 
precedentes, dans lequei ladite determination de.la 
position et de I'orientation dudit indice lisible (59) 
comprend un procede (1 00) d'analyse de la marque 30 
(50), qui comprend un premier composant (110), 
ayant une premiere signature optique et un second 
composant (120), ayant une seconde signature op- 
tique, dans lequei ladite etape de determination de . 
la position et de I'orientation dudit indice lisible par 35 
rapport audit systeme de coordonnees par traite- 
ment desdites valeurs de pixel pour determiner la 
position et I'orientation de ladite marque par rapport 
audit systeme de coordonnees, comprend les 6ta- 
pes consistant en : 40 

une premiere etape (220) de decoupage dans 
lequei ladite image (210) est reduite a. une pre- 
miere region (400) ; et 

a I'interieur de ladite region, proceder aux eta- 45 
pes suivantes : 

(i) conduire une premiere serie d'essais de 
detection, (230) de complexite de calculs 
croissante jusqu'a ce que ledit premier so 
composant ait ete detects avec succes ; 

(ii) definir un premier point (130) associe 
audit premier composant ; 

(iii) etablir a zero les valeurs de pixel asso- 
ciees audit premier composant; ' 55 

(iv) conduire une seconde serie d'essais de 
detection (240) de complexite de calculs 
croissante jusqu'a ce que ledit second 



composant ait ete detecte avec succes ; 

(v) definir un second point (140) associe 
audit second composant ; et 

(vi) determiner I'orientation d'un vecteur 
(1 50) issu dudit premier point, se dirigeant 
vers ledit second point, par rapport audit 
premier jeu d'axes de coordonnees. 

8. Procede selon la revendication 7, dans lequei la 
premiere etape de decoupage (220) comprend les 
etapes consistant en : 

une etape (214) pour calculer un jeu d'histo- 
grammes de projection (410, 420) corresppn- 
dant a ladite region (210), dans lequei chaque 
element dudit jeu d'histogrammes de projection 
correspond a un axe dudit jeu d'axes de coor- 
donnees, et 

une etape (216) pour calculer un jeu d'histo- 
grammes de projection , filtres les premiers 
(430, 440), dans lequei chaque element dudit 
jeu d'histogrammes de projection filtres en pre- 
mier correspond a un element dudit jeu d'histo- 
grammes de projection ajuste de facon a redui- 
re les caracteristiques qui ne correspondent 
pas a ladite marque (50) de definition d'orien- 
tation, 

une etape (218) pour, 

definir un premier jeu de points maximum 
(455, 465), dans lequei chaque element 
dudit premier jeu de points maximum cor- 
respond a un axe dudit jeu d'axes de coor- 
donnees, et dans lequei chaque element 
dudit premier jeu de points maximum cor- 
respond au point situe le long de son axe 
qui a la plus grande valeur d'histogramme 
de projection filtre en premier, 
definir un premier jeu de lignes maximum 
(450, 460), dans lequei chaque element 
dudit premier jeu de lignes maximum cor- 
respond a un axe dudit jeu d'axes de coor- 
donnees, et dans lequei chaque element 
dudit premier jeu de lignes maximum com- 
prend I' 6l6ment dudit premier jeu de points 
maximum correspondant au meme axe, et 
court paralleiement a i'autre axe, et 
definir, autour de I'intersection (48) des ele- 
ments dudit premier jeu de lignes maxi- 
mum (403, 404), une premiere configura- 
tion predeterminee (470). 

9. Procede selon la revendication 8, dans lequei ladite 
6tape (530) pour calculer un jeu d'histogrammes de 
projection filtres en premier comprend la convolu- 
tion de chaque Element dudit jeu d'histogrammes 
de projection (410, 420) au moyen d'un premier 

. noyau triangulaire. 
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10. Procede selon la revendication 9, dans lequel Jadite 
marque (50) comprend deux cercles qui ne se re- 
couvrent pas, nominaux (110, 120), de diametres 
differents, et ledit premier noyau triangulaire a une 
dimension maximum approximativement egale a la s 
somme des diametres de chacun desdits cercles 
augmented de la distance minimum entre lesdits 
cercles. 

1 1 . Procede selon I'une quelconque des revendications io 
8 a 10, dans lequel I'etape (i) comprend les etapes 
consistant a ; 

conduire un premier essai de detection (500); 
si le premier essai de detection n'aboutit pas, is 
conduire un second essai de detection (700), 
ledit second essai de detection ayant une com- 
plexity decalculs plus grande que ledit premier 
essai de detection ; et 

si ledit second essai de detection n'aboutit pas, 20 
conduire un troisieme essai de detection (800)! 
ledit troisieme essai de detection ayant une 
complexity de calculs plus grande que cede du- 
dit second essai de detection. 

25 

12. Procede selon la revendication 11 , dans lequel ledit 
premier essai de detection (500) comprend les eta- 
pes consistant en : 

des etapes (520-540) pour une seconde etape 30 
de decoupage, dans lequel ladite image est re- 
duite a une seconde region (600); et 
une etape (550) pour, 

calculer le centre de gravite (630) des va- 35 
leurs de pixel (650) a I'interieurde ladite se- 
conde region, 

definir une premiere region (640) autour 
dudit centre de gravite des valeurs de pixel 
a I'interieur de ladite seconde region, et 40 
calculer la masse des valeurs de pixel a 
Tinterieur de ladite premiere region ; et 
une etepe (570) pour comparer ladite mas- 
se des valeurs de pixel a I'interieurde ladite 
premiere region a la masse des valeurs de 45 
pixel a I'interieur d'un premier composant 
nominal (110). 

13. Procede selon la revendication 12, dans lequel la- 
dite premiere region (640) est approximativement so 
circulaire et plus grande que ledit premier compo- 
sant nominal (110). 

14. Procede selon la revendication 12 ou la revendica- 
tion 1 3, dans lequel ladite seconde etape de decou- ss 
page comprend les etapes consistant en : 

une etape (520) pour calculer un jeu d'histo- 



grammes de projection correspondant a ladite 
region de ladite configuration predetermine 
(470), dans lequel chaque element dudit jeu 
d'histogrammes de projection correspond a un 
axe dudit jeu d'axes de coordonnees ; 
une etepe (530) pour calculer un jeu d'histo- 
grammes de projection filtre en second, dans 
lequel chaque element dudit jeu d'histogram- 
mes de projection filtre en. second correspond 
a un element dudit jeu d'histogrammes de pro- 
jection ajuste pour reduire les caracteristiques 
ne correspondant pas audit premier compo- 
sant; . 
une etape (530) pour, 

definir un second. jeu de points maximum 
dans lequel chaque element dudit second 
jeu de points maximum correspond a un 
axe dudit jeu d'axes de coordonnees, et 
dans lequel chaque element dudit second 
jeu de points maximum correspond au 
point situe le long de son axe qui a la plus 
grande vafeur d'histogramme de projection 
filtre en second, 

definir un second jeu de lignes maximum 
dans lequel chaque element dudit second 
jeu de lignes maximum correspond a un 
axe dudit jeu d'axes de coordonnees, et 
dans lequel chaque element dudit second 
jeu de lignes maximum comprend I'ele- 
ment dudit second jeu de points maximum 
correspondant au meme axe, et court pa- 
rallelement a I'autre axe, et 
definir autour .de I'intersection des ele- 
ments dudit second jeu de lignes maxi- 
mum, une seconde configuration predeter- 
minee (600). 

Procede selon I'une quelconque des revendications 
11 & 1 4, dans lequel ledit second essai de detection 
(700) comprend les etapes consistant en : 

une etape (720) pour engendrer un premier ga- 
barit correspondant a un premier composant 
nominal (110); 

une etape (730) pour effectuer une premiere 
sequence de correlations, chacune desdites 
premieres sequences de correlations etant ef- 
fectuee entre des pixels embrasses par le pre- 
mier gabarit positionne autour de I'une d'une 
premiere pluralite de pixels selectionnes, et les 
valeurs de pixel contenues dans une region de- 
finie par ladite premiere pluralite de pixels se- 
lectionnes; 

une etape (740) pour, 

definir une seconde pluralite de pixels se- 
lectionnes associes a ('element de ladite 
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premiere pluralite de pixels sel ctionnes 
avec la plus grande correlation, 
effectuer une seconde sequence de corre- 
lations, chacune desdites secondes se- 
quences de correlations etant effectuee 
entre les pixels embrasses par ledit pre-, 
mier gabarit positionne autour de Tune des 
secondes pluralites de pixels selectionnes, 
et les pixels contenus dans une region de- 
finie par ladite seconde pluralite de pixels 
selectionnes, et 

determiner un element de ladite seconde 
pluralite de pixels selectionnes avec la plus 
grande correlation; 

une etape (750) pour calculer une premiere 
me.su re de correlation correspondant a la cor- 
relation associee audit element de ladite se- 
conde pluralite de pixels selectionnes avec la 
plus grande correlation; et 
une etape (760) pour comparer ladite premiere 
mesure de correlation a une valeur de seuil. 

16. Procede selon la revendication 1 5, dans lequel les 
elements de ladite pluralite de pixels selectionnes 
sont espaces d'une premiere distance les uns des 
autres, et les elements de ladite seconde pluralite 
de pixels selectionnes sont espaces d'une seconde 
distance les uns des autres, et dans lequel ladite 
seconde distance est inferieure a ladite premiere 
distance. 

17. Procede selon la revendication 16, dans lequel ledit 
troisieme essai de detection (800) comprend les 
etapes consistant en : . 

une etape (810) pourdefinirun premier jeu can- 
didat de pixels; 

une etape (820) pour mettre a zero toutes les 
valeurs de pixel associees audit premier candi- 
dal 

une etape (830) pourdefinir un second jeu can- 

didat de pixels; 

une etape (840) pour, 

calculer la variance radiale des valeurs de 
pixel associees audit premier candidat, 
calculer la variance radiale des valeurs de 
pixel associees audit second candidat, et 
definir un premier candidat prefere comme 
etant celui parmi le premier et second can- 
didat ayant la variance radiale qui appro- 
che.le plus de la variance radiale d'un pre- 
mier composant nominal; 

une etape (850) pour calculer une premiere 
mesure de variance correspondant a la varian- 
ce radiale associee au premier candidat prefe- 



re; et 

une etape (860) pour comparer ladite premiere 
mesure de variance a une valeur de seuil. 

5 18. Procede selon Tune quelconque des revendications 
11 a 17, comprenant en outre un quatrieme essai 
(1000) comprenant les etapes consistant en : 

une etape (1020) pour determiner un premier 
io jeu de groupes de pixels de bord, dans lequel 

chaque element dudit premier jeu de groupes 
de pixels de bord comprend des pixels formant 
le bord d'une formation continue de pixels a I'in- 
terieur de ladite premiere region; et 
15 une etape (1040) pour comparer les elements 

dudit premier jeu de groupes de pixels de bord 
aux pixels de bord d'un premier composant no- 
minal. 

20 19 ; Procede selon Tune quelconque des revendications 
precedentes, comprenant en outre une etape (250) 
de calcul d'une valeur de confiance nette pour la 
probability qu'un indice attendu a ete detecte. 

25 20. Procede selon la revendication 20, dans lequel la- 
dite etape (250) de calcul d'une valeur de confiance 
nette comprend Tune ou plusieurs des 6tapes 
suivantes : 

30 calculer une premiere valeur de confiance en 

comparant la distance entre ledit premier point 
(1 30) et ledit second point (140) a une distance 
associee audit indice attendu, 
calculer une seconde valeur de confiance en 

35 comparant une mesure de ladite premiere serie 

d'essais de detection (230) a une premiere va- 
leur nominale associee a ladite premiere com- 
posante nominale (110); ou 
calculer une troisieme valeur de confiance en 

40 comparant une mesure de ladite seconde serie 

d'essais de detection (240) a une seconde va- 
leur nominale associee audit second compo- 
sant nominal (120). 

45 21 . Procede selon Tune quelconque des revendications 
precedentes, dans lequel lesdits composants nomi- 
naux (110, 120) sont des images approximative- 
ment circulaires de diametres differents. 

50 22. Article comprenant un substrat (30), dont la position 
et Porientation peuvent etre determines, et un indice 
lisibie (59) positionne sur ledit substrat, ledit indice 
lisible 6tant identifiable separement en exposant un 
cote dudit substrat a un appareillage de balayage 

55 (95), caracterise en ce qu'il comprend : 

une marque (50) definissant une orientation su- 
perposee audit indice lisible sur ledit substrat, 
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ladite marque ne cachant pas ledit indice lisi- 
ble, 

ladite marque et ledit indice lisible etant sepa- 
rement identifiables iorsque Ton expose le me- 
me cote dudit substrat a I'appareillage de ba- 
layage (60, 95), et 

I'orientation et la position de ladite marque 
etant determinees par rapport a un systeme de 
coordonnees correspondant a une image cap- 
tee, le systeme de coordonnees etant defini par 
une matrice creee par I'appareillage de balaya- 
ge en traduisant un jeu de valeurs de pixel cor- 
respondant a I'image dans la matrice. 

23. Article selon la revendication 22, dans lequel ladite 
marque (50) comprend une encre fluorescente. 

24. Article selon la revendication 22 ou la revendication 
23, dans lequel ladite marque (50) comprend une 
pairede cercles(110, 120) de dimensions differen- 
tes qui sont alignes pour definir I'orientation dudit 
indice lisible (59). 

25. Systeme pour balayer un objet de facon a determi- 
ner une information d'orientation appartenant audit 
objet, le systeme comprenant un appareillage de 
balayage (60) pour capter une image dudit objet, et 
un indice lisible (59) positionne sur ledit objet, ledit 
systeme etant caracterise en ce qu'il comprend : 

une marque (50) definissant une orientation su- 
perposee audit indice lisible sur ledit objet, la 
marque ne cachant pas I'indice lisible, 
ladite marque et ledit indice lisible etant identi- 
fiables separement par exposition du meme co- 
te dudit objet a I'appareillage de balayaqe (60 
95), et 

I'orientation et la position de ladite marque 
etant determinees par rapport a un systeme de 
coordonnees correspondant a une image cap- 
tee, le systeme de coordonnees etant defini par 
une matrice creee par I'appareillage de balaya- 
ge en traduisant un jeu de valeurs de pixel cor- 
respondant a I'image dans la matrice; et 
un ordinateur (80) configure pour traiter une 
image de ladite marque de facon a determiner 
la position et I'orientation dudit indice lisible. 



tions 25 a 27, comprenant en outre un systeme de 
convoyage (20) pour deplacer I'objet (30) au voisi- 
nage de I'appareillage de balayage (60). 
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26. Systeme selon la revendication 25, dans lequel la- 
dite marque (50) comprend une paire de cercles so 
(110, 120) de tailles differentes, alignes pour definir 
I'orientation dudit objet (30). 

27. Systeme selon la revendication 25 ou la revendica- 
tion 26, dans lequel ladite marque (50) comprend 55 
une encre fluorescente. 



28. 



Systeme selon I'une quelconque des revendica- 



24 



EP0 820 617 B1 




I430 



25 




26 



EP0 820 617 B1 




c 



BINARY IMAGE 



2I0- 



AOI DETECTION 



LARGE CIRCLE 
DETECTION 



I 



SMALL CIRCLE 
DETECTION 



DETECTION 

CONFIDENCE 

THRESHOLDING 



100 



.220 

f (binary image) 



220 



210 



230 



240 



MARK POSITION 
AND ORIENTATION 



250 
260 

y 



214' 




212 



YES 



COMPUTE 

PROJECTION 

HISTOGRAMS 



216 



CONVOLVE WITH 
TRIANGULAR KERNEL 



n 

218 



I 



FIND INTERSECTION 
OF MAXIMA AND 
GENERATE AOI 



222 




AOI CONTAINING 
FIDUCIARY MARK 



27 



EP 0 820 617 B1 




28 



EP 0 820 617 B1 



500 



700 



c 



AOI IMAGE 



222 



AOI IMAGE 



-v 222 



COMPUTE 

PROJECTION 

HISTOGRAMS 



GENERATE 

CORRELATION 

TEMPLATE 



720 



CONVOLVE WITH 
TRIANGULAR KERNEL 



520 



530 



PERFORM COARSE 
CORRELATION 



FIND INTERSECTION 
OF MAXIMA 



730 



PERFORM FINE 
CORRELATION 



740 



540 



COMPUTE CENTER-OF 
MASS IN AREA ABOUT 
INTERSECTION 



COMPUTE MASS 
LOCATED ABOUT POINT 
OF MAX CORRELATION 



750 



COMPUTE MASS 
LOCATED ABOUT 
CENTER-OF-MASS 



570 





NO - PROCEED TO 
THIRD DETECTION 
ATTEMPT 



NO - PROCEED TO 
SECOND DETECTION 
ATTEMPT 



YES - LARGE CIRCLE 
LOCATED AT POINT 
OF MAX CORRELATION 



YES - LARGE CIRCLE 
LOCATED AT 
CENTER-OF-MASS 



9 



CENTER 
OF 
MASS, 



29 



EP 0 820 617 B1 



800 




860 



c 



AOI IMAGE 



222 



ZERO OUT 
FIRST LARGE 
CIRCLE CANDIDATE 



820 



FIND SECOND 
CANDIDATE VIA 
CORRELATION 



1 



830 



CHOOSE BEST 
CANDIDATE VIA 
RADIAL VARIANCE 



I 



840 



COMPUTE 

% CORRELATION 




850 



NO - PROCEED TO FOURTH 
DETECTION ATTEMPT 



YES - LARGE CIRCLE 
LOCATED AT WINNING 
CANDIDATE CENTER-OF-MASS 

900 



13 




30 



EP 0 820 617 B1 



1000 



C 



AOI IMAGE 



1 



222 



CREATE EDGE 
IMAGE VIA RUN 
ENDPODMTS 



1030 




1020 



USE CIRCLE IDENTIFIED 
BY THIRD DETECTION 



NO - ATTEMPT 



YES - CONTINUE 



USE HOUGH METHOD 
IN ORDER TO DETECT 
CIRCLE 



I 



1040 



LARGE CIRCLE POSITION IS LOCATION OF THE 
MAXIMUM VALUE IN ACCUMULATOR ARRAY 



14- 





II20 



31 



EP 0 820 617 B1 




I220C 



SEVERAL MEMBERS OF THE 
FAMILY OF CIRCLES TO WHICH 
EDGE PIXEL COULD BELONG 



I2I0 EDGE PLXEL 



I220n 



CmCULAR LOCUS 
FORMED BY CENTERS 
OF FAMILY OF CmCLES 





I240 



CORRESPONDING BIN 
POSITION IN ACCUMU. 
LATOR ARRAY 



ACCUMULATOR ARRAY 

■lb) 



1 z 



32 



